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GLOSSARY

A/D " Analog to digital

ALC _ Automatic level control circuitry

ASCII American Standard codes for information interchange

‘AG Gross a_mplitude

AH ' High-frequency amplitude

AL Low-frequency amplitude

AVH Very-high-frequency amplitude
CBITE Builfiin test oquipment -

c/CcC Crew/computer communications

CDH Constant delta height

CPU Central processing unit

CRT Cathode ray tube

CSI Concentric sequence initiation

CSM Command service module

D/A Digital to analog

DEC Digital Equipment Corporation

DEC-339 ' CRT display

DR ll—C Serial interface card

FET A Field effect transistor

FPE v Functional program element

HP/LP High pass/low pass |

1C | Integrated circuit

PRECEDING PAGE BLANK NOT FILMED



LED

LLA30

LM

PDF 9
PDP 11/40
PKD
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7700A
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Lunar module
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Progrémmable keyboard and display
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Resistance capacitance
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Terminal phase initiation

Teletypewriter
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Appendix A

PROGRAM DESCRIPTIONS AND USER'S GUIDE
" PART I, PHASE C

The following section describes the software routines developed during the
Crew/Computer Communications Study. A standardized program descrip-
tion sheet was developed to provide the user with a clear understanding of
each routine, any restrictions in its use, the required input data to each
routine, and the results after executing the routine, Section A. 2 describes
how these routines are -combined to generate a crew/computer

communications application.

TA. 1T PROGRAM DESCRIPTIONS & 77 777 777 77 77 mimem o e miim s s s e s s e

The software has been separated into four groups:@ system software,
application software, on-line utility routines, and off-line utility routines.
These four groups contain the following routines:
A. System Software
PKD — PKD handler
B. Application Software
MAIN -- Application executive for C/CC demonstration
LNK1 = Core overlay No. 1
LNK2— Core overlay No, 2
RENCAI—Rendezvous calculation routine
C. On-line Utility Software '
1. PKD Handler Interface
PKIN — Response routine for PKD input
PKOUT - Initialization routine for PKD handler
2. PKD Display Command Routines
PKCOUT —Character displa& routine
PKSOUT— String display routine
PKPOUT= Page display routine
PKCL— Cursor location routine

" PKCC= Cursor command routine



PKMSL — Special function key light command routine
TIMCON — Time conversion routine (real—ASCII)
TUPDAT - Dynamic time update routine
BLNKY — Pisplay key blanking routine
GETPED — Display data retrieval routine
3. Keyboard Response Routines
NUMIN — Numeric keyhoard response routine (keyboard active)
NUMKEY — Numeric keyboard response routine {keyboard
inactive)
MODKEY — Special function keyboard response routine
4, ASCII/Real/ASCII Conversion
KFPA — Floating point to ASCII conversion routine
KAFP — ASCII to floating point conversion routine
5. String Manipulation
PUTC — Single character merge routine
GETC — Single character selection routine
MOVSTR — String merging routine
b. 4DEC -339 Display Support
GET 339 — Display retrieval routine
7. Error Handling
EROUT 1 —Illegal word error routine
EROUT 2 —Illegal selection error routine
D. Off-line Utility Software
GENPKD — PKD display generation and editing routine
GEN339 — DEC- 339 display page generation routine
GENFIL — Execution table generation routine
CHKFPK — Display file checking routine {PKD)
CHK 339 — Display file checking routine (DEC - 339)
WRTPKD — Hard-copy printing routine for PKD displays
CHEOUT — PKD checkout routine

A.l.1 OSystem Software

To interface the programmable keyboard display with PDP-9, a PKD
handling routine was added to the system software. Since this routine is not
called by in-line code but is instead called by the monitor or as the result

of an external interrupt, only a description of its operation is included. The



PKD handler performs all communications involving PKD data transfer

through the PDP-9 input-output {I/O) channel.

A,1,1.) Interface with the Monltor o . o
The PKD utility routines communicate with the handler through the I/O macro
programs. Whenever an 1/O system macro call is executed, control passes
through the monitor to the PKD handler. The handler has only one entry
point, but contains all the macros for PKD I/ 0. ’Ihé first part of this
handler discovers which implemented functioﬁ was requested and transfers
control to the corresponding function routine, but ignores requests for
nonimplemented functions. When execution of an irﬁplernented function

routine is completed, control is passed back to the user via the monitor.

To allow better understanding of the handler, the macro fuﬁction routines

are descnbed 1ndw1dua11y in the f0110w1ng pa,ra.graphs.

A.1.1.2 Input-Output System Macro Function Routines

A. .INIT — The program unit executing .INIT associates the handler
PKD. with input or output and with a restart address. When the
handler is accessed by the monitor for this function, it must provide
the monitor with a maxlmu_rn buffer size, and sets of interrupt '
channel numbers and associated infefrupt routine locations as
applicable. Here, subroutines PKIN and PKOUT each call the

JINIT function for input and output, respectively.

B, .READ — The program unit execu’ung READ requests a handler
for a device to input a spec1f1ed number of words into a specified
puffer. When the handler is acces sed by the monitor to satisfy
this request, it will defer the request if inpu.{: is already undéfwa.y;
otherwise, it will _iﬁii:ia.te the process. It remains for the associ-
ated interrupt réﬁtine to carry it out, Here, PKIN calls the . READ
function, asking for one word, which is all that the PKD hardware
package provides as a result of angr human action. PKD input is

_ right-justified in second buffer word (8 bits). ‘

C. .WRITE — The program unit exécuting WRITE requests'a handler

to output to a device a nurnber of 8 bit characters derwed from a

specified buffer, the exact numbe r bmng in the buffer header.



When the handler is accessed by the monitor to satisfy this request,
it will defer the request if output is already underway, and other-
wise will initiate the process by sending cut the first character, It
is up to the associated output complete interrupt routine to com-
plete the process. Here, all of the output subroutines call the

. WRITE function.

D, .WAITR — The program unit executing . WAITR requests a handler
to transfer control to a specified location in that program if any
process initiated by that handler is not completed, and otherwise
to allow execution to continue in sequence. The PKIN subroutine
uses . WALITR to determine if its previous . READ request has been
satisfied; i.e., has any relevant human action occurred? In either
case, it subsequently exits to the application program with at least
this status information, allowing the application program to pursue

its other activities between frequent looks for a "hit, "

The output subroutines do not return status; they merely use the
automatic delay-until-finished-with-previous request feature.

E. . CLOSE — The program unit executing . CLOSE tells a handler
that it is (temporarily) through with handler. Here, this is

only used and meaningful as part of the restart named by . INIT.

A.1.1.3 Interrupt Routines

The first part of the PKD interrupt routine is exactly the same as for any
other device connected to the PDDP-9 having its own interrupt channel(s),
and communicating under direct program control; i. e., not via a data
channel or direct memory access. The first task is to determine which
device flag led to the interrupt. Then, the routine will pursue one of two
possible paths: one for input and the other for output, It concludes by
returning control to the interrupted program,

A. Input Interrupt Routine — This process consists basically of
transferring a character from the associated device (PKD) to the
appropriate buffer. When input from the device is complete (after
each input character), a specified header must be generated for
the buffer. One part of it is the number of word pairs read plus

one {the header being a word pair}). As many as six data modes



might be involved (here, there is only one, . Image Alphanumeric;
i.e., the data exactly as received, right-justified with leading
zeros), Thus, the number of word pairs is always two. Finally,
the Input Underway flag is réset. ~This flag'is tested by each 7
execution of , WAITR for input. ‘ ‘

B. Output Interrupt Routine —Character output is accomplished with
this routine. After receipt of each complete interrupt output,
another character output is initiated, the process being repeated
until the requestéd number of characters have been sent. The
number of characters is obtained from the specified output buffer

header.

A,1.2 Application Software

The application executive for the Crew/ Computer Communications Study
. demonstration_is composed. of three software modules: MAIN . and.two core. ... . .

overlays (LNK! and LNK2).

The capabilities of the PKD and DEC =339 display terminal were combined
in routine RDEM4. Due to the duplication of display data by the CRT and
PKD, the development of this routine was terminated before checkout was
finished. However, both the CRT and PKD interactive code have been

demonstrated independently.

The application-peculiar computation program RENCAL was developed to
determine the thrusting requirements for all five LM/CSM rendezvous

maneuvers on the Apollo program,
These routines are described in the following text.

NAME: MAIN

PURPOSE: , This routine is the application executive of the crew/
computer communications demonstration. It handles
‘all the generalized displays and calls the core overlays

if they are required.



METHOD:

RESTRICTIONS:

COMMON:

SUBROUTINES USED:

NOTES:

The PKD is polled to establish if a button has been
pressed; if it has, the result is checked for errors
and if no errors are detected, the execution table
for the active display on the PKD is used to estab-
lish the appropriate action. If an error is detected,
it will be ignored and the PKD will again be polled

for crew input response.
This is a main program and not a callable subroutine.

ORA, TRANG, RANGE, RANGRT, YCSI, YDCSI, DELH,
TTPI, TCSI, TPC, TCDH, TTPF, ELEV, DVXCSI,

DV YCSI, DVZCSI, DVTCSI, DVXPC, DVYPC, DVZPC,
DVTPC,DVXCDH, DVYCDH, DVZ CDH, DVTCDH,
DVXTPI, DVYTPI, DVZIPI, DVTIPI, DVXTPF, DVYTPF,
DVZTPF, DVTIPF, ITY, IVA,

PKOUT —Initialization routine for PKD handler
PKCC—Cursor command routine
PKIN--Response routine for PKD input
MODKEY —Special function keyboard response routine
NUMKEY —Numeric keyboard response routine
(keyboard inactive)
BLNKY —Display key blanking routine
EROUTZ~Illegal selection error routine
GETPKD~Display data retrieval routine
LNK! —Core overlay No, 1 -
LNKZ—Core overlay No, 2

LNK1l and LNK2 are core overlays for this applica-
tion executive., See subroutine RENCAIL for

COMMON variable definitions.



NAME: LNK1

PURPOSE: This overlay module supplies the programming

code required to support the following three rendez- .

vous maneuvers, CSI, PC, and CDH.

METHOD: The ""Chain and Execute'' PDP-9 software package
is. used to generate and execute core overlays,
thereby allowing programs to operate independently
of core size restrictions. This overlay is used to

display the results of rendezvous calculations.

CALI: CALL LNKI1

RESTRICTIONS: . Nome o

INPUT ARGS: None

OUTPUT ARGS: None

COMMON: ORA, TRANG, RANGE, RANGRT, YCSI, YDCSI,

DELH, TTPI, TCSI, TPC, TCDH, TTPF, ELEV,
DVXCSI, DVYCSI, DVZCSI, DVTCSI, DVXPC, DVYPC,
DVZPC, DVTPC, DVXCDH, DVYCDH, DVZCDH,
DVTCDH, PVXTPI, DVYTPI, DVZIPI, DVTIPI,
DVXTPF, DVYTPF, DVZTPF, DVTIPF, ITY, IVA

SUBROUTINES USED: KFPA—TFloating point to ASCII conversion routine.
TIMCON— Convert real seconds to ASCII hours,
minutes, and seconds.
MOVSTR —Merge two ASCII strings.
PKPOUT —Page output routine.

NOTES: All data base communication is accomplished via
unlabeled COMMON, '



See subroutine RENCAIL for COMMON wvariable

definitions,
EXAMPLE: * Nomne
NAME: ] LNK2
PURPOSE: This overlay module supplies the programming code

required to support the following two rendezvous
maneuvers, TPIand TPF. In addition, the closed
subroutine RENCAL is included in this overlay and
is used to calculate the rendezvous data,

"is used

METHOD: PDP-9 software routine ''Chain and Execute
to generate and execute core overlays. RENCAL is
called during the TPI execution and is used to update

the data base.

CALIL: CALL LNK2

RESTRICTIONS: None

INPUT ARGS: None

OUTPUT ARGS: None

COMMON: ORA, TRANG, RANGE, RANGRT, YCSI, YDCSI, DELH,

TTPI, TCSI, TPC, TCDH, TIPF, ELEV, DVXCSI,
DVYCSI, DVZCSI, DVTCSI, DVXPC, DVYPC, DVZPC,
DVTPC, DVXCDH, DVYCDH, DVZCDH, DVTCDH,
DVXTPI, DVYTPI, DVZTPI, DVTTPI, DVXTPF,
DVYTPF, DVZIPF, DVTTPF, ITY, IVA

SUBROQUTINES USED: KFPA —F'loating point to ASCII conversion.
MOVSTR—Merge two ASCII strings,



TIMCON-~—Convert seconds to ASC] hours, minutes,
| and seconds,

PKPOUT —FPage ‘output routine.

RENCAL~=Calculate rendezvous data. ..

All data base communication is accomplished via

INPUT ARGS:

OUTPUT ARGS:

COMMON:

NOTES:
unlabeled COMMON,
Sce subroutine RENCAL for COMMON variable
definitions.
EXAMPLE: None
- NAME: RENCAL
PURPOSE: Demonstrate a techniqueﬂ Eo;ncllef:ﬂelr;n{iﬁi.ﬁ;g.,‘them o
‘ thrusting requirements for an L.M/ CSM rendegvous.
METHOD: Clohessy-Wiltshire equations are used to determine
' i the incremental change in velocity (delta) require-
ments for each of the five rendezvous burns. |
CALL: CALL RENCAL
RESTRICTIONS: The orbits of the active and passive vehicles are

assumed to be circular,
None
None

ORA — Orbital radius of active vehicle (feet)

TRANG — Transfer angle between TPl and TPF
maneuvers (degrees)

RANGE — Range between active and passive vehicle

(miles)



RANGRT — Range rate between active and passive
: vehicle (fps)
YCSI —~ Out-of-plane position at CSI {miles)
YDCSI ~ Out-of-plane velocity at CSI (fps)
DELH — Incremental change in height during constant
delta height phase (miles)
TTPL - GET time of TPl maneuver (seconds)
TCSI — GET time of CSI maneuver (seconds)
TPC — GET time of plane change maneuver {seconds)
TCDH — GET time of CDH maneuver (seconds)
TTPT ~ GET time of TPF maneuver (seconds)
PELEYV — Elevation angle of passive vehicle (degrees)
DVXCSI — X-axis delta velocity required for
CSI maneuver (fps)
DVYCSI — Y -axis delta velocity required for
CSI maneuver (fps)
DVZCSI — Z-axis delta velocity required for
CSI maneuver (fps)
DVTCSI — Total delta velocity required for
CSI maneuver (fps)
DVXPC — X-axis delta velocity required for
PC maneuver (fps)
DVYPC — Y-axis delta velocity required for
PC maneuver {fps)
DVZPC — Z -axis delta velocity required for
PC maneuver (fps)
DVTPC — Total delta velocity required for
PC maneuver (fps)
DVXCDH — X-axis delta velocity required for
CDH maneuver (fps)
DVYCDH — Y-axis delta velocity required for
CDH maneuver (fps)
DVZ CDH — Z-axis delta velocity required for
CDH maneuver (fps)

10



SUBROUTINE USED:

NOTES:

_DVZTPF — Z- ax1s delta veloclty requlred for

DVTCDH — Total delta velocity required for
CDH maneuver (fps)

DVXTPI. — X-axis delta velocity required for
TPI maneuver (fps) . o

DVYTPI — Y-axis delta velocity required for
TPI maneuver {{ps)

DVZ TPl — Z-axis delta velocity required for

~ TPI maneuver (fps) ‘

DVTTPI - Total delta velocity required for
TPI maneuver (fps)

DVXTPF — X-axis delta velocity required for
TPF maneuver (fps)

DVYTPF — Y-axis delta velocity required for
TPF maneuver {fps)
TPF maneuver (fps) S

DVTTPF — Total delta velocity requiredr for
TPF maneuver (fps) |

ITY — PKD keyboard type flag

IVA = PKD keyboard value flag

NUMIN — Numeric keyboard input routine
KAFP — ASCII to floating point conversion routine

TPI time and elevation angle are loaded at the
numeric keyboard during the execution of this .

routine,

The following initial conditions are assumed for

the program:

a) CSI time —101:21.42 (GMT)

k) Lunar orblt ’ '

c) Initial orbit height of actwe vehlcle = 25,0 (miles)
d) Initial orbit height of passive vehicle = 60, 0 (miles)

1"



e) X position at CSI = 160, 0 (miles), passive
vehicle-centered coordinate system

f) Y position at CSI = 0.174 (miles), passive
vehicle-centered coordinate system

g} Z position at CSI = 35, 0 {miles), passive
vehicle-centered coordinate system

h) X-velocity at CSI = 88. 25 (fps), passive
vehicle-centered coordinate system

i)  Y-velocity at CSI = 0, 065 (ips), passive
vehicle-centered coordinate system

i}  Z-velocity at C51= 0,0 (fps), passive

vehicle-centered coordinate system

A.1.3 On-Line Utility Software

The support rouiines that would be used during the execution of an

interactive application program are described in this section. They are

organized as follows:

A,

O A

PKD Handle Interface

PKD Display Commands
Kevboard Response
ASCII/REAL/ASCII Conversion
String Manipulation

DEC-339 Display Support
Error Handling

A.1.4 PKD Handler Interface Routines

Two routines fall in this category, The first, PKOUT, is used to initialize

the handler for output to the PKD while the second, PKIN, is used to

respond to computer input from the PKD,

It should be noted that the user program is not (logically) interrupted when

a PKD button is pressed. Pushbutton action merely causes an indicator to

be set in PKIN, and this may affect the user's flow of control at his

discretion.

12



NAME: PKIN

PURPOSE: Informs if any new input from the PKD hHardware
package has been received, and if so, what type it
‘is, what value for that %er.e, and, if applicable,
provides an internally usable form (IOPS ASCII) of

that value.

METHOD: Uses . READ to check for input. Argument values
are set according to whether an input was received
or not. When an input is received, the response is

analyzed and the arguments set.

CALIL: CALL PKIN (status flag, type, value, internal

value, error code) .

RESTRICTIONS: None
INPUT ARGS: None
QUTPUT ARGS: A, Status flag: =1 if new input received,

0 otherwié e

B. Type: Most significant four bits from PKD,

plus one

I

1 if display matrix switch

2 if mode control switch

fl

3 if numeric keyboard

Otiher values are not {vired; therefore,

they are illegal if received

13



COMMOIN:

SUBROUTINES USED:

NOTES:

EXAMPLE:

C. Value: Least significant four bits from PKD,

plus one

integer 1-16 if Type 1
integer 1-12 if Type 2
integer 1-12 if Type 3

1

i

Nl

Other values are not wired; therefore,
they are illegal for Type 2 or 3, and

meaningless otherwise.

D. Internal value: IPOS ASCII (PDP-9 internal
ASCII) equivalent of numeric keyboard
input, otherwise zero. At least two
words must be provided for this variable.
Value is left justified in first word,
remainder of first.and all of second word

set to zero.

E. Error code: = 0 if none detected
= 1 for Type 2 value out of range
= 2 for Type 3 value out of range
= 3 if Type 4 through 9
= 4 if Type greater than 9 (16 is

max type possible)
None
JINIT, .READ, . WAIT, .CLOSE, . EXIT
All of the arguments are results; hence, they must
be coded as variables of the using FORTRAN applica-

tion program.

None

14



NAME:

PURPOSE:

METHOD:

CALL:
RESTRICTIONS:
INPUT ARGS:
 OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

NOTES:

EXAMPLE:

PKOUT

Initializes PKD handler for output and must be

called just once, before any other output subroutine

is called.

CALLS .INIT for output and establishes address for
. CLOSE and . EXIT for restart.

CALL PKOUT
None

None

None

None

LINIT, .CLOSE, .EXIT

PDP-9 monitor set up to notify PKD handler of

complete interrupt outputs from L'T-19.

None

A.l. 4.1 PKD Display Command Routines

Ten routines have been developed to support the prog-rammable command

keyboard display.

The functions performed by these routines include:

display characters and strings, cursor control commands, changing the

state of the special function keyboard lights, displaying timme, blanking

display data in a programmable command keyboard switch location, and

retrieving data from the disk.

15



NAME:

PURPOSE:

METHOD:

CALL:

RESTRICTIONS:

INPUT ARGS:

PKCOUT

Issues command to display specified character at

current cursor location.

The character is sent using . WRITE

CALL PKCOUT {character)

None

Character—Single character in IOPS ASCII formatted
variable (left justified).

OUTPUT ARGS None
COMMON: None
SUBROUTINES USED: ,WRITE
NOTES: None
EXAMPLE: Display a ''1'"" at current cursor location,
DATA A/5HL ... /
CALL PKCOUT (A)
NAME: PKSOU T B
PURPOSE: Issues commands to display specified string of char-

acters, starting at current cursor location. The
subroutine returns to the user after issuing the first

command, the remainder to be issued as a

16



METHOQOD:
CALL:

RESTRICTIONS:

INFPUT ARGS:

OUTPUT ARGS:
COMMON:
SUBROUTINES USED:
NOTES:

EXAMPLE:

consequence of receiving complete interrupt outputs.
Thus, the application program can continue con-

current with the display update process.

The character string is supplied to . WRITE, which

outputs the nun:l_ber of characters specified,

CALIL PKSOUT (character array, number of

characters)
None

A. Character array—Real array, first word pair of
which is reserved for use by . WRITE, char-

_ acter string starting at second word pair.

B. Number of characters—Character coiint, mear~

ingful only for 1 to 255.

None

‘None

. WRITE

None

Display numbers 1, 2, 3, 4, 5 starting at present
cursor location.

Dimension A(2)
DATA A{2)/51112345/

ICNT=5
CALL PKSOU'T (A(l), ICNT)

17



NAME:

PURPOSE:

METHOD:

CALL:

RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROU TINES USED:

NOTES:

EXAMPLE:

PKPOUT

Issues command to home cursor. Then returns con-
trol to user having arranged to issue commands to
display the specified page of 255 characters in con-
junction with receipt of complete interrupt output.
Concurrency of the application program with the
display process becomes gquite important at the page
level, for with the PKD connected to the PDP-9 via a
telecommunications link, it takes just over two

seconds to put up a whole new page.

Calls PKCC with a home command, then calls PKSOUT

to output 255 characters.

CALL PKPOUT (Character array)

None

Character array—Real array of size 52, first word
pair reserved for use by ‘PKSOUT, remaining 51
word pairs contain the ASCII characters for display.
None

None

PKCC, PK5SOUT

None

Display ASCII data stored in array PAGE 1 on the PKD.

CALL PKPOUT (PAGE 1(1))

18



NAME:

PURPOSE:

METHOD:

CALIL:

RESTRICTIONS:

INPUT ARGS:

OUTFPUT ARGS:

COMMON:

SUBROUTINES USED:

NOTES:

EXAMPLE:

PKRKCL

To position the displays cursor, which establishes

'start of character display.

Calls . WRITE to issue first of~two commands
required to position the cursor at a specified loca-~
tion, then returns to user having arranged to send
the second command upon receipt of the next com-
plete interrupt output. The location is specified by

row and column. The PKD display being treated as an

8 x 32 matrix. Row is integer 0 — 7, column 0 — 31,

CALL PKCL (row position, column position)

None

Row position — integer 0 — 7

Célumn position — integer 0 — 31
None

None

. WRITE

None

IROW =1

ICOL = 3
CALL PKCL (IROW, ICOL) -

19



NAME: PKCC

PURPOSE: Issues command to effect specified control of cursor

and also clearing display if requested.

METHOD: Calls . WRITE to issue specified command,
CALIL: CALL PEKCC (cursor control code)
RESTRICTIONS: None

INPUT ARGS: Cursor control code: = 1 for clear display (and

home cursor)

1
)

for home cursor

1
L

for viszual cursor ON
for visual cursor OFF
for cursor blink ON
for cursor blink OFF

= 7 for new line

n
ReATI SR

= 8 {currently undefined}
= 9 for cursor right
= 10 for cursor left

= 12 for cursor down
OUTPUT ARGS: None
COMMON: None
SUBROUTINES USED: . WRITE
NOTES: Clear display takes almost 0.5 millisecond, before
which no further commands will be accepted by the
display. (Note that page output to display is preceded

only by home cursor.) The user may first request

clear display, arrange for the requisite delay, then

20



use either PKPOUT or PKSOUT to output only a
portion of a page, if the remainder of that page is
to be blank.

INPUT ARGS:

OQUTPUT ARGS:

COMMON:

SUBROUTINES USED:

EXAMPLE: Turn cursor OFF
iICMD = 4
CALL PKCC (ICMD)
NAME: PEMSL
-~ PURPOSE: .o ... .Issues command to set _spﬁéci__f__i_ga_d mode switch light to
specified state (ON or OFF).
METHOD: The output word is formed and dispatched with
. WRITE. ' '
CALL: CALIL PKMSL (mode switch code, desired state)
RESTRICTIONGS: None

A, Mode switch code: integer between 1 and 12,

inclusive
B. Desired state: = 0 for OFF
= 1 for ON
None
None
. WRITE
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NOTES: None

EXAMPLE: Turn mode control light 10 "ON"
IMSWT = 10
IOSWT = 1
CALL PKMSL (IMSWT, IOSWT)

NAME: TIMCON

PURPOSE: Convert time in seconds to three ASCII strings for
displaying hours, minutes, and seconds.

METHOD: Divide seconds by 3, 600 and convert to integer to
get hours, multiply fractional result of above by 60,
and convert to integer to get minutes. Take frac-
tional result of previous calculation and multiply by
60 to get seconds.

Float the above three integers and use subroutine

KFPA to convert floating point number to ASCII data.
CALL: CALL TIMCON (TSEC, AHR, AMIN, ASEC)
RESTRICTIONS: None

INPUT ARGS:

OUTPUT ARGS:

TSEC — Time in seconds (real number)
AHR — Three word ASCII image of hours

AMIN — Three word ASCII image of minutes
ASEC — Three word ASCII image of seconds
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COMMON: None‘
SUBROUTINES USED: KFPA — Floating point to ASCIIL conversion

NOTES: First word of ASCII array is filled in by display -
routine PKSOUT,

EXAMPLE: Convert 3, 605 seconds to ASCII hours, minutes, and
seconds. '
Dimension AHR (3}, . AMIN {3), ASEC (3)

TSEC = 3605.0
CALL TIMCON (TSEC, AHR (2), AMIN (2), ASEC (2))

NAME: TUPDAT

PURPOSE: Dynamically update time displayed on PKD.
Note: Time is a integer number while the same
number on the display must be in ASCII

representation.

METHOD: Set index pointers to low-dilgit value of initial minute
and second value. Use pointer to index ASCH data

every second and incremental minutes every 60 seconds.

R Results are displayed at requested location on PKD.
CALIL: : CALIL TUPDAT (MIN, ISCC, IROW, ICOL)
RESTRICTIONS: . No hours are shown, so minutes continue increment-

ing after reaching a value of 59. Maximum value of

minutes is 99.
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INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

MIN — Initial value of minutes

ISEC — Initial value of seconds

IROW — Start location of display data (row)
ICGOL — Start location of display data {column)

None
None
PKIN — Response routine for PKD

PKCL — PKD cursor location
PKCQUT — PKD character display

NOTES:
EXAMPLE: Start incrementing clock set to ''0"' and display at
cursor location 4, 10 (row, column).
MIN =0
ISCC =0
IROW = 4
ICOL =10
CALL TUPDAT (MIN, ISCC, IROW, ICOL)
NAME: BLNKY
PURPOSE: Blank the lé-character display positions under the
selected command display key.
METHOD: Fill in blank characters in display string.
CALL: CALL BLNKY (MKEY)
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RESTRICTIONS: None

INPUT ARGS: MKEY — Command key to be blanked.
OUTPUT ARGS: None
COMMON: ) None

 SUBROUTINES USED: PKCL — Cursor location command routine
PKCOUT — Character ocutput routine

NOTES: The reference display file stored on the disk is not
modified. | ‘
- EXAMPLE: -~ - -~ -Blank the depressed command display key...___ . .

10 CALL PKIN (IST, ITY, IVAL, IIV, IER)
IF (IST. EQ. 0) GO to 10
IF {ITY. EQ. 1) GO to 20

20 CALL BLNKY (IVAL}

NAME: GETPKD

PURPOSE: Get ro;aquested PKD display file data from disk.
METHOD: Read requested display file from disk.

CALL: CALL GEI‘PKD (PKDF, RPKD}
“ RESTRICTIONS: | I0OPS 13 results if r;equested file is not found on disk
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INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

NOTES:

EXAMPLE:

PKDF — Display file name

RPKD - Display data (53 word array)

None

None

None

Read from disk and store the display data for FILE 1

in array RPKD.
Data PKDF/5HFILEL/

Call GETPKD (PKDF, RPKD)

A,1.4.2 Keyboard Response Routines

In-line code in main and core overlays is used to respond to the program-

mable command keyboard while FORTRAN — callable subroutines are used

to respond to the special function keyboard and the numeric keyboard. The

following routines allow the user to respond to the latter two keyboards.

NAME:

PURPOSE:

METHOD:

NUMIN

Read numbers from numeric keyboard and store
characters in array NUM, Numbers are displayed

on command keyboard display as they are received.
Use ASCII characters as supplied by PKIN and trans-

fer left justified into array NUM (1 character/array

element).
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CALL: Call NUMIN (IR, IC, ICCNT, NUM, ITY, IVAL)

RESTRICTIONS: None

INPUT ARGS: IR — Row location of first input character
IC — Column location of first input character

ICCNT = Total number of input characters

OQUTPUT ARGS: NUM — Array containing ASCII data
ITY — Keyboard type flag
IVAL — Key number flag

COMMON: None

- SUBROUTINES USED: _ PKCL — Cursor positioning routine

PKCC — Cursor control col—’nmandﬁroutme
PKIN ~— PKD response routine

PKCOU'T — Character output routine

NOTES: ' All three keyboards are active when routine NUMIN
' ' is waiting for numeric input. It is therefore possible
to leave this routine in the middle of a data entry

operation,

EXAMPLE: Read three numeric values into array NUM and

display at location 4, 10 (row, column)

IR = 4
IC=10
ICCNT = 3

CALL NUMIN (IR, IC, ICCNT, NUM, ITY, IVAL)
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NAME:

PURPOSE:

METHOD:

CALL:

RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

NUMKEY

Respond to numeric keyboard.

Issue message: ""Error: Activity not programmed"

CALL NUMKEY

See NOTES

None

None

Jone

PKCI, — Cursor location command

EROUTZ2 —Error message routine

NOTES: Routine NUMIN will be merged into this routine. It
will, however, be necessary to conduct a test to
verify that the numeric keyboard is active, and if not,
to display the above error message. At present, the
same result could be achieved by calling EROUTZ2
with the input argument set to +1.

EXAMPLE: None

NAME: MODKEY

PURPOSE: Response routine for the 12 special function keys.

7 ME THOD: Set pointers, set indexes, or display messages as
required.

CALL: CALL MODKEY (IVA, FIL, ARRAY, MAX)
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RESTRICTIONS: Only MONITOR, BACKUP, and EMERGENCY STOP
are implemented; all other key depressions result
in the following message being displayed: 'ERROR:
ACTIVITY NOT PROGRAMMED'"

INPUT ARGS: - IVAL — Special function key number
OUTPFUT ARGS: FIL - Modified file directory name for new response
data

ARRAY — Trail of file director names from top level
to present position

MAX — Pointer to array element

COMMON: None:

SUBROUTINES USED: PKCL — Cursor location command routie =~ = == ===~ -

PKSOUT — String output to KD display
EROUT2 — Error message routine

NOTES: - None

EXAMPLE: Respond to selected special function key
C READ KEYBOARD HITS,
10 CALL PKIN (IST, .ITY, IVAL, IIV, IER)

IF (IST. EQ.0) GO TO 10
IF(ITY. EQ.2) GO TO 20

20 CALL MODKEY (IVAL, FIL, ARRAY, MAX)

A.1.4,3 ASCII/REAL/ASCII Conversion ‘
Numeric output from the PKD is in ASCII format. While this format is

necessary to display data, it is meaningless in mathematical operations.
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The format required for these operations must be either an integer or real

number.

other,

NAME:

PURPOSE:

METHOD:

CALL:
RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGHS:

. COMMON:

SUBROUTINES USED:

NOTES:

Two routines were developed to convert from one format to the

KFPA

Converts a FORTRAN format floating point number
to an ASCII character string.

The sign character is established and the sign bit
discarded. The number is adjusted for a zero

exponent. Integers are extracted from the whole

number part by division by 10 and from the fractional

part by multiplication by 10. As each integer is

extracted, converted to ASCII {forinat and stored

as an individual character. The characters are then
assembled into ASCII double words.

acters in the last word pair are set to blanks.

Unused char-

CALL: KFPA (real number, ARRAY, W, D)

Floating point number range: 0.00001 to 131,07I.

Real number — Floating point number to be converted.

W — Field width {total number of characters, including
sign and decimal point, to be converted).

D — Number of characters after decimal point.

ARRAY — Filled real ARRAY

None

PUTC

None
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EXAMPLE:

Convert the real number 123, 4 into an ASCII string —
with the same format. | |
DIMENSION ARRAY(3)

X =123.4

IWRD =5

ID=1 .

CALL (X, ARRAY, IWRD, ID)

NAME:

PURPOSE;

METHOD:

CALL:

RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

KAFP

Converts a string of unpacked ASCII characters

(1 character per double word) into a FOR TRAN format

floating point number.

The sign bit is established. The whole number-part |
is the final sum of each integer times the appropriate
power of 10 for its position. The fractional part is
the sum of each fractional digit divided by the appro-
priate power of 10. The whole fractional parts are
then merged, normalized, and merged again with .

the exponent and sign bit.
CALL: KAFP (ARRAY, COUNT, REAL NUMBER)
Number range: 0.00001 to 131, 071

Array — ASCII character string, 1 character per

double word, left unjustified.

Count — Number of characters in array.

Real number — FORTRAN format floating point

number.
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COMMON: None
SUBROQUTINES USED: None

EXAMPLE: Convert the four ASCII numbers stored in array
NUMB into a floating point number called "X,
DIMENSION NUM B(4)
DATA NUMB(1), NUMB(2), NUMB(3}, NUMB(4)
1 /sH1 , 5H2 , 5H3 , 5H./

ICNT = 4
CALL KAFP (NUMB(1), ICNT, X)

A.1l,4,4 BString Manipulation

Five ASCII characters are stored in each word pair in the PDP-9. It takes
52 word pairs to hold the display data to fill the command keyhboard display's
256 character positions. Since it is unlikely that display data merged into

a fixed-format display will start and stop on word boundaries, it is necessary
to have the capability to merge ASCII strings regardiess of their starting or

ending locations. Three routines were developed for this purpose.
NAME: GETC

PURPOSE: To recreate an ASCII character from the named
position in a packed ASCII double word into the

named location, left unjustified.
METHOD: The character is masked out of the original word,

left-shifted, and stored in the given destination

address.
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CALL:

“RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

'EXAMPLE:

_None

CALL: GETC (source word, position, destination

word)
None

Source word — Packed ASCII double word containing
character
Position — Integer, 0-4, defining position in word

3

(left=to-right orientation)
Destination word — Filled word (first word only)

None

Load the third character of SWRD into the third word
of array ICHAR. .

DATA SWRD/5HABCDE/

DIMENSION ICHAR(4)

CALL GETC (SWRD, 1, ICHAR(3))

NAME:

PURPOSE:

METHOD:

PUTC

Copies a left-justified character into the named posi-

tion in an ASCII word pair.
The word pair is masked. The character is posi-

tioned. The character is exclusive OR'ed into the

word pair.
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CALIL;:

RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

CALL: PUTC {double word, position, character)

None

Position — Integer, 0-4, defining destination position
of character (left-to-right orientation).

Character — Left-justified character

Double word — Modified double word

None

None

EXAMPLE: Merge the two given strings to vield "A=2",
DATA DWRD/5HA = ---/, ICHAR/5H2----/
I=2
CALL PUTC (DWRD, I, ICHAR)

NAME: MOVSTR

PURPOSE: Copies a string of packed ASCII characters from
one array into another — based on row and column
positioning (see Notes)

METHOD: Establishes source array first word and first char-

acter position from input array row and column.

Establishes destination word and character position.
Successively calls GETC and PUTC for total number
of characters to be moved, adjusting word locations

and character positions as required.
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CALIL: : CALL: MOVSTR (SOURCE ARRAY, SROW, SCOLUMN,
DESTINATION ARRAY, DROW,
DCOLUMN, COUNT)

RESTRICTIONS: Moves no more than 256 characters.
INPUT ARGS: SOURCE ARRAY — First word of source array
' (See Notes)

SROW — Source row

SCOLUMN— Source column

DESTINATION ARRAY — First word of destination array
DROW — Destination row

DCOLUMN — Destination column

COUNT — Number of characters to copy

OUTPUT ARGS: © ~~ “DESTINATION ARRAY ~ First-word of destinationarray -
DROW — Destination row ¢
DCOLUMN ~ Destination column

COMMON: None
SUBROUTINES USED: GETC, PUTC

NOTES: Row and column notation is based on eight rows of
32 characters, column being the position in the row.
Row is from 0-7, column from 0-31. This notation
is equivalent to PKD cursor position notation. For
MOVSTR, arrays are referenced by the first word in
the array, with row and column values‘ establishing

actual word location.
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EXAMPLE: Merge strings to yield "PAGE NO, 2"

DATA DA(l), DA(2)/5HPAGE, 5HNO, /, SA(1)/5H12345/

I=1

ISROW =0
ISCOL =1
IDROW = 0
IDCOL = 9

CALL MOVSTR (SA(1), ISROW, ISCOL, DA(l)
IDROW, IDCOL, I)

evice iz not used in the Crew/Computer Communications

Study demonstration, it was used in evaluating interface techniques. The

routine GET339 is used to retrieve the display data from the disk.

NAME: GET339

PURPOSE: Get current CRT display files from the disk.

METHOD: Read the three display files associated with each
339 display.

CALL: CALL GET339

RESTRICTIONS: None

INPUT ARGS: None

QUTPUT ARGS: None
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COMMON:

SUBROUTINES USED:

NOTES:

- EXAMPLE:

Labeled common bloqk Sl

S — Display data for status area or screen

A — Display data for action area or screen

W — Display data for work area or screen

FST -—“F-‘i-le nérﬁé of ti{;-s'tatﬁs area of fhé screen
FAC — File name of the action area of the screen

FWK — File name of the work area of the screen
None

The 339 display screen was partitioned as follows:

[ “Status Area ‘ lines |
Action Line s
 Ares ... 15 lines _
Error & Diagnostic .
: 5 lines
L Messages

None

A.1.4.6 Error Handling
Invalid input to the PDP-9 from the PKD is identified and an error message

is displayed on the bottom line of the programmable command keyboard

display. Two routines are used to display the two general class of errors:

(1) transmission errors, and (2) selection errors (i. e. , unlabeled key

pressed).

NAME:

PURPOSE:

METHOD:

CALL:

EROUT!
Display error messages detected by routine PKIN.

Read error code from routine PKIN and display

corresponding message on PKD.

CALL EROUTI
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RESTRICTIONS:
INPUT ARGS:
OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

NOTES:

EXAMPLE:

10

20

Only four types of error codes exist—IEC =1through4
IEC — Error code from PKIN

None

None

PKCC — Cursor location command routine
PKSOUT — String output routine

Error codes:
0 = None detected
1

Command keyboard display switch value out of

range

o3
il

Special function switch value out of range

Illegal key type

S
K

Illegal key type

Display error detected by PKIN

CALL PKIN (IST, ITY, IVAL, IIV, IEC)
IF (IST. EQ. 0) go to 10
IF (IEC. NE, 0) go to 20

CALL EROUTI

NAME:

PURPOSL:

ERQUTZ

Display errors on command keyboard display associ-

ated with command keyboard selections.
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METHOD:

- CALL:
RESTRICTIONS:
INPUT ARGS:
OUTPUT ARGS:l

coMMON: T

SUBROUTINES USED:

NOTES:

EXAMPLE:

T

None

Print error message according to code in software
status table (last entry found in GENFIL)
T

0.Unlabeled key pressed

1 Activity not programmed

T = 2 Command valid (0, 1 only m-e-a..ningful 'valulels in

this program)

CALL EROUT2(T)

T=0o0r1

1

T = Software status

None

PKCL ~ Cursor Iocation command routine

PKSOUT — String outpﬁt routine
None

None

A, 1.5 Off-ILine Utility Software

All support routines that are not and cannot be called by the application

programs fall in this group. They are stand-alone routines used for the

following functions:

A,

B
C.
D

Display Generation for DEC-339 and PKD
Linking Table Generation

Display Data Check and Hardcopy Printout
PKD Checkout ‘
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NAME:

PURPOSE:

METHOD:

CALL:

RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROU TINES USED:

NOTES:

EXAMPLE:

GENPKD

Generate or edit a PKD display file for storage on
disk. This file can obtain up to 256 ASCII characters
of data.

Load file name and state if it is stored on disk.
Specify word start address desired on PKD display.
Lioad display data through TTY keyboard and display
on PDK. When data input is complete, type a start
address equal to 60. When the request for number of
characters is typed, type 255. At this point, the
data will be displayed on the command keyhoard
display.

None

If file is stated to exist on disk and it is not found,
the monitor will type IOPS 13 (file not found) on the
TTY.

None

None

None

PKOUT — Initialize output handler

PKPOUT = Page output to PKD display

PKCC — Cursor control command routine
PKSOUT — String output to PKD display

None

See User's Guide (Section A, 2),
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NAME:

PURPOSE:

METHOD:

CAI.1:
RESTRICTIONS:
INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

GEN339

Generate relocatable display subpictures for

DEC-339 display. -

FORTRAN-coded 339 commands are used to define
up to 3 displays which will be stored on tape for

later use. Display data are defined in data statements.
None

None

None

None

None

PRAMTR — Set display parameters

LINE — Draw a line

TEXT — Display test string

DINIT — Initialize displays

SETPT — Locate beam on display surface
PLOT — Display subpicture or main picture

\

NOTES: None

EXAMPLE: See pfeamble of program listing.

NAME: GENFIL

PURPOSE: Generate linking logic (execution table) for an inter-

active program step. The resulting file will contain:

(1} PKD display file name; {2) new file directories
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METHOID:

CALL:

RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

SUBROUTINES USED:

associated with each command key; and (3) the

program status for all commands.

Read all data from TTY and transfer them to disk

when complete.
None
None
None

None

None

NOTES: Output data formats:

A, Display file name {A5)

B. File directories (16A5)

C. Software status (16I1)
EXAMPLE: See User's Guide .
NAME: CHKPK
PURPOSE: Display requested display file on PKD.
METHOD: A. Read display name from TTY,

B. Read file on disc.

C. Display file on PKD,
CALL: None
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RESTRICTIONS:

INPUT ARGS:
OUTPUT ARGS:
COMMON3:

SUBROUTINES USED:

IOPS error 13 results if requested file is not found

on disk.
None
None
None

PKOUT — Initialize output handler
PKPOUT — Page output to PKD handler

NOTES: None
) EXAMPLE: - - -... .. None. _. ) o )
NAME: CHK339
PURPOSE: To display relocatable subpictures stored on disk.
M ETHOD: Subpictures that were defined in GEN339 utilizing
DEC-supplied display commands and stored on disk
are read back as data and replotted. ‘
CALL:
RESTRIC TIONS: None
INPUT ARGS: None
QUTPUT ARGS: None
COMMON: None
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SUBROUTINES USED: PRAMTR - Set display parameters
(set scale, beam intensity, etc...)

LINE — Draw a line or move beam

NAME: CHKOUT
PURPOSE: Checkout driving and response routines for PKD.
METHOD: All the cursor control commands are displayed on

the command keyboard display and are executed when
the corresponding key is pressed. Special function
keys are used to turn on or off the LED's above the
corresponding keys, Numeric key depressions

generate a character at the present cursor position.

CALL: None
RESTRICTIONS: None
INPUT ARGS: None
OUTPUT ARGS: None
COMMON: None

SUBROUTINES USED: PKOUT ~— Initialize output handler
PKPOUT — Page output to PKD display
PKIN — Responée routine for PKD
EROUTZ2 — Error message routine
PKCL — Cursor control command routine
PKSOUT — String output to PKD dispiay
PKMSL — Special function key light command
PKCOUT — Character output routine

NOTES: After CHKOUT is loaded, all keyboards are active
and will respond as stated under METHOD.
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TEXT — Display text string

DINIT — Initialize display

SETPT — Lolca.te beam on display surface

PLOT — Display subpicture or main picture
REPLOT — Change and display modified subpicture

EXAMPLE: None
NAME: WR TPKD
PURPOSE: Type on TTY the contents of the specified PKD dis-

play file that is stored on disk.

METHOD: . . Type file name at TTY. Read file from disk and
type results on TTY console in the same format as

the PKD display (32 characters per hne)

CALL: None
RESTRICTIONS: None
INPUT ARGS: None
QUTPUT ARGS: None
COMMON:./ None

SUBROUTINES USED: None_
NOTES: | None

EXAMPLE: None
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A.2 USER'S GUIDE

The objective of this User's Guide is to enable a programmer to understand

and use the software developed during this study.

The control commands described in this section of the report are input
commands for a TTY console connected to a PDP-9. The following short-
hand notation will be used to describe special keyboard commands:

(R) for RETURN, (AM) for ALT MODE, and L for space.

A.2.1 Generating Displays

Displays for the programmable command keyboard are generated with the
off-line utility routine, GENPKD. This routine enables one to edit an old or
generate a new display file of up to 255 characters., A full 64-character
data set is available in a 7-bit ASCII format. Five of these characters are
packed in each word pair on the PDF-9, thereby requiring an array of

52 word pairs per display.

The first step in generating a display is to lay it out on a PKD page genera-
tion worksheet as shown in Figure A-1. The last character position on the
bottom line is reserved for the cursor in full-page displays and is not

addressed by routine GENPKD. The first word of the display data array is

reserved as a header which is generated in routine PKPOUT.

Routine GENPKD can now be used to define the display data. This is done
as follows:

A. Load the DEC monitor following standard operating procedures.
When loaded, the message "KM59-15 VSA'" is typed on the teletype
followed by a "$'"' on the next line.

B. If the display files are not to be stored on the same disk at the
source progr.ams, the selected disk is identified by typing the
following command after the $.

SAv o DK# o 1 (R)
Where: # = logical disk number (i.e., 2, 3, or 4)
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FILE NAME (AS) = . CR146

LINE 1 ':'7"_.1._;__?.%3-:__[_._4|,_+4.L_:__;_4...4'.5 __[.._:._5._,[64__1'__;_v__|r?—_|ri __Ih_ll_ﬂT_4
IERN T N0 A A T R B
_ﬁ,r_:g.:_,_T_lL_Jg_J-;_l_m_:.-_f'_w_i__-l_‘w_:_;_L;r__llsﬂ_J;L_r_..:J‘t_l_,l_J__
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S a7 ) e gty 1 s L O U - ) S B > SR

LINE & .-:...-:-:—-Q—:——I—-ll——l—-t—:—-}—h——f—J—w-{———l—L_|__|._L__1 =___|__‘__1_:__4_:__'|._
R R D o il o me i R O

O B O EEN e

e [T E AP B T P R TR
R el 08 B DA B ot B 1

i el Bt o R bt ket R T Sl B ] b bl S et St

I et ek e o e Bl B ks el e Rk S el e e e '

'THESE NUMBERS (2, 3, , 52) ARE INDEXES OF THE STARTING POINTS WHICH

T “THE PAGE" GENEHATION PHOGRAM CAN PROVIDE. TOSTART. AT APOINT ON A LINENOT
UNDER AN INDEX NUMBER, YOU MUST ACTUALLY START UNDER THE PREVI0US INDEX,
PROVIDING CHARACTERS AS APPROPRIATE .

Figure A-1. PKD Page Generation Worksheet

C. If a disk assignment was made as above, another "$" will be typed
by the computer. The system loader is now.read into core by
typing the following command after the $.

$GLOAD (R)

D. ‘After the computer responds by typing a ''>," the display genera-

ting program is loaded by typing:

> — GENPKD, PDS (AM)

E. When GENPKD is loaded, the following message is typed:

FILE NAME IS = (A5)
The file name specified on the page generation worksheet is now
typed, followed by pressing the carriage return. This file name
can be up to five alphanumeric characters long, although the first
character must be alpha.

F. The system responds to this input with the followmg message!:

IF DISPLAY 1S STORED ON DISK, TYPE 1,
IF NOT, TYPE 0.
Type "'1" for an existing file or "0" to generate a new d1splay file

and then press the carriage return.
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The computer will then request the start position in the display
array by typing the following message:

LOAD ASCII DATA

LINE START SUBSCRIPT =
If this display is new, type in the first addressed location on the
PKD page generation worksheet defined in Figure A-1; however, if
an old display file is being edited, it is only necessary to type in
the address of the word to be modified. It should be noted that all
edited input data start at a word boundary corresponding to the
subscript that is typed. However, when the first desired location
is not on a word boundary, characters must be filled in starting
with the previous word boundary. After the subscript is typed,
press carriage return.
A position reference string is then typed by the computer identify-
ing each of the 30-character input positions followed by the TTY
executing a carriage return, If a subscript value of 10 had been
typed, the TTY would have responded with:

10 == 11 ==w 12 === 13 === 14 -~- (R)
The display data are then typed under the corresponding character
position in the string. After the 30 positions have been loaded, the
carriage return is pressed. ’
The computer then responds with the same message as step G and
the three previous instructions are repeated until all the display
has been defined. The user leaves this loop by typing a subscript
value of 60, followed by a carriage return.
The computer will then ask for the number of characters in the
display. Type 255 for a full page or the number of characters for
string data. Follow this input with a carriage return.
The computer will now display the data on the PKD and the follow-
ing message will be typed:

TYPE 1 TO LOAD DISK OR 2 TO CHANGE DISPLAY
After typing in the desired value, press carriage return.
If 1 was typed in the prior step, the message in step 5 is typed,
indicating the display is defined and stored in the disk. The compu-

ter is now ready to accept a new file name. Proceed as described in
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steps 5 through 12. If, however, a 0 was typed in step 12, a return
to step 7 is executed and a request will be made for the subscript of

the line to be corrected.

A.2.2 Generating Execution Tables

The execution table is the media for linking displays and defining the software

status of programmable command keyboard keys. These tables are gener-

ated by routine GENFIL, In its'presen‘t form, these data are confined to

. actions on the programméble command keyboard. The execution table, as

shown below, is 33 words long.

. all keys

Present PKD Display

File name I word
Execution table fi'le 16 words
names for all active keys

Software status of

16 words

Execution table data should be laid out on a data sheet, as shown in Figure A-Z.

Routine GENFII: can now be used to define the execution tables. This is done

| as follows:

A,

IL.oad the DEC monitor per standard operating procedures. When
loaded, the message "KMS9-15 VSA' is typed on the teletype followed
by a ""$'" on the next line,
If the display files are not to be stored on the same disk as the
source programs, the selected dilsk is identified by typing the following
command after the '"$': '

$A_ DK#1 (R)'
Where: # = logical disk number (i.e., ... 2, 3,0r 4)
If a disk assignment was made as above, another ''$" will be typed
by the computer. The system loader now is read into core by
typing the following command after the ""$':

$GLOAD (R)
After the computer responds by typing a '"'>" the display generating
program is loaded by typing:

> ~-=GENFIL (AM)
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FILE NAME =

A, DISPLAY FILE NAME =

8. FILE DIRECTORY CMD/KEY

KEY NO. DIRECTORY NAME KEY ND. DIRECTORY NAME

P
o

10
11
12
13
14
15
16

W =~ oo 0 b o N

C. SOFTWARE STATUS
0 — UNLABELED KEY (DEFAULT)
1 — ACTIVITY NOT PROGRAMMED
2 — KEY VALID

KEY NO, STATUS _KEY NQ, STATUS

-
=]

2 10
3 11
4 12
5 13
] 14
? 15
8 16

Figure A-2, Genfil Code Sheet
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E. When GENFIL is loaded the following message is typed:
PROGRAM: GENFIL
FILE NAME IS = (A5)
" The file name specified on the GENFIL code sheet is now typed, .
followed by pressing the carriage return., This file name can be
up to five alphanumeric characters long, although the first character
must be alpha.
F. The computer then requests the name of the display file that is
active when this execution table is used by typing:
" PKD DISPLAY FILE = (A5) |
The five alphanumeric characters representing this file name
(Item A — Figure A3) are typed, followed by pressing the carriage
return. '
G. The computer responds by requesting the execution file names of
. all "active' programmable command keys. To do this the com-
puter first asks: T
FILE DIRECTORY CMD/KEY
CMD-KEY NO, = (R)
It is only necessary to load the ”a.ctive”._key numbers. If no keys
are active or all the keys have been identified, type 17 (R). Active
keys will cause the computer to ask for the file names by typing
the following message: '
FILE NAME =
Load this information and press the RETURN key. A request will
be made for a new command key as above, and the cycle repeats
until a value of 17 is loaded.
H. A request will now be made by the computer to define the software
status of the keys, A message appears as follows:
SOFTWARD STATUS

0 = UNLABELED KEY
1 = CMD. NOT PROGRAMMED
2= CMD., GOOD

CMD-KEY NOQ. =
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It is only necessary to identify those keys which are labeled in the
display that this execution table supports as the default condition is
zero. Type in the key number, followed by a carriage return. The
computer will now request the software status by typing the
following message:

SOFTWARE STATUS =

Type in the value followed by a carriage return. A new request will
then be made by the computer for another command key value,
Repeat this cycle until all keys have been identified, at which time
a value of 17 is typed, followed by a carriage return.
I, The computer types the following message to indicate that the

execution table is complete:

FILE IS COMPLETE

PROGRAM: GENFIL

FILE NAME = (A5)

If the user wishes to define a new execution table for another display,
he may do so at this time; otherwise, he can terminate the program

" by pressing CTRL P.

A.2.3 The Application Executive
The operation of the LM/ CSM rendezvous application executive, MAIN, is

depicted in Figure A-3. It should be noted that it is the user's responsibility
to poll the input handler for PKD responses. This is accomplished by

calling routine PKIN. This routine will tell the user if there was a valid
input command from the PKD and if so, it will decode it. FEither invalid

input or no input results in continued polling.

Valid data are tested to determine which keyboard generated the interrupt.
If it was a special function key, the routine MODKEY is called with the key
number defined in the argument. This routine performs the programmed

function and returns to the polling routine.

Numeric keyboard input is only valid when routine NUMIN is called. This

routine takes care of blinking the cursor at a predefined location on the
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FOR DISPLAY
AND DATA BASE

DISPLAY
DATA ON
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Figure A-3 (Page 2 of 2). Application Executive Flow Chart
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Programmable command keyboard and displaying characters as they are
loaded. The ASCII input characters are also packed into word pairs, left-
justified. Numeric key input at any other time will result in NUMKEY being
_called, which is.equivalent to calling an error routine. The next revision of
the apphcatmn software will combine NUMIN and NUMKEY with a flag to

test when the numeric keyboard is active.

Programmable command keyboard input generally will result in changing
the present display. Some displays require updating and displaying data
base parameters. The requifed in-line code for updating these displays is
partitioned into core overlays, A table exists in the resident program
MAIN, defining the file names of all the displays requiring core overlay
support code. When a programmable command keyboard input is received
from the PKD, it is tested to see if the new display requires an overlay to

be 1oaded If the d1splay file name matches any of those in the list, the

requ1red overlay is ca.lled Smce a smgle overlay rmght support three or
four displays, it is necessary to perform a test at the beginning of the -

overlay to determine which display support code to branch to.

A,2.4 Running the Program on the PDP-9
e '""Chain and Execute" ut111ty routines are used for the LM/CSM

rendezvous application. The resident code during execution would include the
folldWing routines: MAIN, EROUTI], EROUT2, NUMIN, NUMKEY,
MODKEY, GETPKD, PDS, BLINKY, KFPA, KAFP, and TIMCON. The
rendezvous calculations are performed in the second overlay by RENCAL,
with the results transferred to the first via unlabeled COMMON. All of

these routines are stored on Logical Disk 1. Display data and execution

tables are stored on Logical Disk 3.
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Appendix B
PROGRAMMABLE KEYBOARD AND DISPLAY

The programmable keyboard and display (PKD) was developed by McDonnell
Douglas to implement the man-machine interface required in this study. The
PKD is a compact, portable command, control, and display terminal employ-
ing state-of-the-art hardware. It provides sufficient display and control

to support complex communications between operator and computer. A
photograph of the PKD is shown in Figure B-1. The PKD is designed for
direct connection to a computer, and for remote _operation when an acoustlc
coupler and voice grade telephone lines are used for the computer lmk

(see Figure B-2).

The PKD is adaptable to commmand and control systems for spacecraft,
aircraft, ground checkout and launch, and defense systems, Jas well as mass
transportation systems and communications networks. The ability to vary
the display from the computer and to receive an operator's reply in the form

of a "touch' input makes the unit flexible and easy to use.

The salient features of the PKD are a 256-character alphanumeric display
(8-row, 32-column matrix), a numeric keyboard, and 12 special-function
switches. In addition, the display panel includes a transparent overlay of
conductors to form a 4 x 4 matﬂx of touch switches, each switch area
containing two rows of eight characters (see Figure B-3). The display

and controls of the PKD allow for all the major functions of a CRT terminal
except graphics, although the PKD could be used as a controller for graphics
displays. The PKD block diagram appears Figure B-4,
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Figure B-4. Block Diagram-Portable Keyboard and Display Unit {(PKD)
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The 256-character display is a Burroughs SELF-SCAN panel display. The
display consists of a matrix of gas-filled cells spaced at 0.040-inch centers.
The character format is a 5 x 7 dot matrix: The panel provides a character
size of 0.18-inch wide By 0.28-inch high. " The displayed characters are
retained in a 6 x 256 memory array for self-refresh. The flat panel

accommodates a 100-degree viewing angle (minimum).

The touch switch overlay added by McDonnell Douglas enhances the human

interface through reliance on the natural coordinated motion of the hand and
eye. By means of appropriate software, the switch areas can be filled with
commands, path descriptions, or program controls whose éelection will be

recognizable internally, thereby éontrolling the computer system activity.

The PKD alse has built-in self-test capability. Without the aid of a computer,
- a-self-test mode can be -estaﬁlished—with control switches. In-self-test, the . .-
inputs from the operator are transmitted through the PKD outpul circuits
and then looped back through the input. An internal 10-kHz clock provides
timing. The input word is transmitted through the receiver circuit to either
the display panel or the panel indicator lights as determined by the code
received. The self-test capability is complete in that all receivable
information can be generated by the operator, and all output words from the

PKD can be verified for accuracy on the face of the unit.

The eight bit words received by the PKD are of four types:

A. Display data — Modified six-bit ASCI code (see Figure B-5)
representing the character to be displayed at the current
cursor location. _

B. Special function light commands — Turn on/turn off command to
the selected light. A

C. Cursor position command — Position cursor at indicated row
{one of eight) and indicated column (one of 32},

D. Cursor control command — Twelve commands for cursor spacling’,

relocating, and turn on/off.

Input/output data specifications appear in Figure B-6.
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DATA BITS CHARACTER DATA BITS CHARACTER

B 766 4321 B 7605 4321
01000000 @ C 0100000 {SPACE|
0t 00O0O0GOC 1 A 0D 100D D !
0t 000D 1 O 8 001000 10
010000 1 1 C 001000 1 1 A
01000100 D 001001 00 %
01000101 E 00100101 %
010001190 F DOYOoO Ot 1D '&
01000111 G 001001 %1 .
010010060 H 00101000 {
01001001 1 00101001 }
01001010 J 00101010 .
010010 11 K 01 010 1 1 +
01001100 L 601 01v1 00 .
01001 101 M 001011 01
0100 ™1 10 N 001011 160
01001 1 11 0 Q01T 01t 1 /
101 0000GC P 001 10000D0 0
01010001 Q 001 100 01 1
01010010 R 00110010 2
010100 1 1 s 001 100 11 3
01010100 T 001 10100 4
01010101 u 001 101 01 5
010101110 v 001 100110 6
010101 v W 01T 101 10 7
01011000 X 001 11000 8
01011001 ¥ 001 1100 1 ]
01011010 2z 001 110610

0t o110 1 [ 003 t 10 11 ;
01011100 ~ 001 141100 <
0101 1 1 01 ] 001 1 11 011 =
1011110 { 00t 111 30 >
1o 1t 11 } 0611 11 11 ?

Figure B-b. Modified ASCII Codes

62



CR19-11

CR1486
i INPUT/OUTPUT DATA DEFINITION
A. ELECTRICAL INTERFACE
ELECTRICAL INTERFACE CHARACTERISTICS ARE COMPATIBLE WITH EJA RS—232—C
B. DATARATE
1. DATA PHONE MODE ,
HALF DUPLEX WITH APPROPRIATE CONTROL SIGNALS
1,200 BAUD TRANSMIT OR RECEIVE
5§ BAUD SUPERVISORY REVERSE CHANNEL
2, DIRECT MODE
' FULL DUPLEX, NO CONTROL SIGNALS
10K BAUD RECEIVE
Mol ai. 1,200 BAUDTRANSMIT . . . L
C. DATA FORMAT
1 STARTBIT
8  DATA BITS (NO PARITY BIT)
1 STOPBIT
1|2|34 5[6[7 slglm[
-} *1"MARK —— . —_—
+]  “0"”SPACE -
START DATA DATA STOP
BIT BIT = BIT  BIT
1 2 3 4 5 6 7 8
ONE CHARACTER

Figure B-6, Portable Keybbard and Display Unit {Page 1 of 2}
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DISPLAY SWITCHES
D, DATA CODE o 21 3
4| 5] 6] 7
8 10 | n
12 [13] 14 ] 15
2, OUTPUT FROM PKD
DATA BITS
8, 7,6 ,5 ,4 , 3,2 1 FUNCTION SPARE
o 0 0 0 S s S ] DISPLAY SWITCHES 0—15 - -
0 0o 0 1 M M M M MODE CONTROL SWITCHES 0—11 12-15
0 a 1 0 K K K K KEYBOARD 0 THROUGH 9, MINUS 12-15
SIGN, AND PERIOD
1 X X %X X X X X RESERVED FOR ASC11 KEYBOARD
3. INPUT TQ PKD
. DATA BITS
8y 72 (6 ) 5 4 4 3 L2 1 FUNCTION
'| T
o 0 G0 M M M M MODE CONTROL LIGHTS OFF 011
1
0 o 0 | 1 M M m M MODE CONTROL LIGHTS ON o-1
0 4] 1 } D! D D D D - DISPLAY DATA
t d MODIFIED ASC11 [SEE FIGURE B—5)
o} 1 0 L 01D D o D ACCEPTS BITS 1—6 ONLY
I I
¢ 1+ 1,0,¢ A R A CURSOR ADDRESS LEAST SIGNIFICANT COLUMN BIT + ROW
0 1 1 i 1 ; ¢ ¢© ¢ ¢ CURSOR ADDRESS 4 MOST SIGNIEICANT COLUMN BITS
| T
1 0 00| C € C ¢ CURSOR CONTROL

CLEAR

HOME

VISUAL CURSOR ON
VISUAL CURSOR OFF
CURSOR BLINK ON
CURSOR BLINK OFF

(SPARE)
CURSOR RIGHT
CURSOR LEFT
CURSOR UP
CURSOR DOWN

LT - I VR T N R A I S L~

-
-

Figure B-6. Portable Keybaard and Display Unit (Page 2 of 2}
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Appendix C
PROGRAM DESCRIPTIONS AND USER'S GUIDE
PART III, PHASE A

Section C, 1 describes the software routines developed during the crew/
computer experiment control study. This section contains the standardized
program description sheet developed in Appendix A. Section C. 2 describes

how these routines are used in the experiment control application.

C.1 PROGRAM DESCRIPTIONS

The programs described in this section were developed for Part III, Phase A,
{ .

" All previously developed programs-appear in Appendix-A, -See-Section. A, 1 for

programs listed under "Subroutines Used."

The programs which follow are in two categories, application software and

. off-line utility software, as defined in Section A. 1. Programs KOPE, FILNM,
and LENK are the application programs added for the experiment. KOPE is a
general-purpose routine for execution control of any application and as such
is application-independent. FII.INM is a support routine for KOPE and is also
application-independent. The LENK routine is exclusively an experiment
control routine, The utility program, FGEN, creates display files for the
KOPE program so it too is application-independent, The PKD keyboard input
routine, KYBIN, is an updated version of the NUMIN routine described in

Section A, 1l and is essentially a replacement for that routine.
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NAME:

PURPOSE:

METHOD:

CALIL:

RESTRICTIONS:

INPUT ARGS;

OUTPUT ARGS:

COMMON:

SUBROUTINES USED:

NOTES:

KOPE

Controls execution of application display commands
and subroutines, This program is designed to
respond to the display data, as defined in the User's
Guide FGEN section.

Initializes the PKD for transmission and sets local
variables to initial values, The program then enters
a loop in which the current frame is displayed, after
which operator inputs are requested. The response
to an input is determined by both the type and value
of the PKD input and the values in the display com-

mand and pointer tables.

None

None

None

None

OLCOM, FRAME

KYBIN
FILNM
PKOUT
PKSOUT
PKIN
PECC
PKCL
KFPA
MOVSTR
LENEK

See User's Guide
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NAME:

PURPOSE:

METHQOD:

CALL:
RESTRICTIONS:

INPUT ARGS:
OQUTPUT ARGS:

COMMON:

SUBROUTINES USED:

NOTES:

FILNM

Creates a PDP-9 ASCIH binary file name from an

integer identifier.

The integer number input is converted to a multiple
of 10. The second, third, fourth, and fifth charac-

_ters in the name are the ASCII equivalents of the

integer (with the fifth character always zero). The

characters are inserted in the file name from right

to left and the first character set to HE, " The file

type '"BIN" is appended to complete the name.
CALL FILNM (INTEG, ASCI)

INTEG - integer file number
ASCI - real variable or double word

ASCII - double word containing file name

“in PDP-9 format
None
MOVSTR - character string mover

None
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NAME:

PURPOSE:

METHOD:

CALL:
RESTRICTIONS:

INPUT ARGS:

OUTPUT ARGS:

COMMON:

SUBROUTINES USEIX

NOTES:

LENEK

Performs the special functions of experiment control

which are beyond the scope of the executive.

Branches or preogram pointers passed from KOPE,
Uses local array SW to check for previous activity
on a frame. Adjusts values in comumon to indicate

next action of executive after return.

CALL LLENK {IARG1, TARG2Z)

None

IARGYI - value of second entry in program pointer
array

IARG2 - wvalue of third entry in program pointer
array

None

OLCOM, FRAME (same as KOPE)

None

None
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NAME: _ FGEN

PURPOSE: - Generates or permits editing of PKD display files
T " on disk., - .
METHOD: Uses PKD input and teletype input to establish con-

tents of the display and display pointers, Displays a
control frame to permit input of existing or new
frame. Accepts commands from the PKD touch
switches and mode control switches., Display data

are entered from the teletype.

CALL: None
RESTRICTIONS: --- - -.PKD must be on-line, . o )
INPUT ARGS: . None

' OUTPUT ARGS:  None
COMMON: ' None

SUBROUTINES USED: PKOUT
PKSOUT
PKCC
PKIN
KFPA
MO "_\TSTR

NOTES: See User's Guide



NAME:

PURPOSE:

CALL:

INPUT ARGS:

OUTPUT ARGS:

RESTRICTIONS:

METHOD:

KYBIN

To read in a number from the PXD keyboard, dis-
playing and editing as required, and then return the
character string and floating point number after the

enter mode switch is received.

KYBIN (IR, IC, NC, FPN, ASC, TYPE, VAL)

IR - Display row starting position for input.
IC -~ Display column starting position for input.
NC - Maximum number of characters to he input,

including sign (mandatory) and decimal point
characters. NC must be 2 or more and

no larger than 10.

FPN ~ Floating point value of ASCII string or 0.0
otherwise.
ASCII character string received from PKD
Keyboard., Five or 10 characters are
returned depending on NC. Trailing blanks
are added if NC is not a multiple of 5,

TYPE - Setto 0 for normal termination of input
{(by ENTER switch). Otherwise, equals
last type input by PKIN,

VAL - Equals last value received from PKIN,

A.  ASC must be two double words long if NC is
more than 5, one double word otherwise,
B. 0=IR =T C. 0=1IC =31 D, 2=NC =10

The input parameters are checked for legal values.
Program parameters are initialized. ASC is blanked,
The cursor is posifioned for input. The first charac-
ter is reserved for the sign, A loop is entered for

taking PKD inputs., Exit from the loop is by mode 1
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input or legal mode 2 input. During input, mode 2
switches CLEAR, ENTER, and BACKSPACE

are enabled to perform their respective functions.

C.2 USER'S GUIDE
This User's Guide was prepared to help a programmer understand and use the

software developed in this study.

The control commands described in this section of the report are input com-
mands for a teletype console connected to a PDP-9, The following shorthand
notation will be used to describe special keyboard commands: (CR) for
RETURN, (AM) for ALT MODE, and /_/ for SPACE.

C. 2.1 Generating Frames

” " Displays for the PKD are generated with the off-line utility routine, FGEN.
This routine enables one to edit or generate a new display frame of up to

255 characters and to assign values to its supporting tables.

The first step in generating a frame is to lay it out on a PKD application
definition worksheet, as shown in Figure C-1. The first word of the display

array is reserved as a header which is genérated in the WRITE routine.

Routine FGEN can now be used to define the display data. This is done as
follows: :

A. Load the PDP-9 monitor according to standard operating
procedures. When loaded, the message "KM59-15 V5A" is
typed on the teletype, followed by a ""$'"' on the next line.

B. Assign the disks by typing the following command after the $.

A/ /DKA3/ _/3/DKAl/ /1, -4 (CR) | ’

C. Another $ will be typed by the computer. The execute package is

read into core by typing the following command after the $.

E/ /GEN/ _/ (CR)
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FUNCTION POINTERS (14}

1 2 3 4 1 2 3 4
MON UP CAT
5 B 7 ) 5 7 B
MAN PRO STOP | EMER
9 10 1 12 9 10
RET DATA
SCRATCH (F10.3)
13 4 15 18 Sreah | EnEER ko '[rrame2icorF3 4
5 ) 7 3
17 8 19 20 9 10 K] 12
13 14 15 16
PROGRAM {314]
1 2 3 4
5 6 7 B
g 10 11 12
13 14 16 16

Figure C-1. PKD Application Definition Worksheet
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E.

The computer responds by typing:

"EXECUTE V4A" on the teletype
and displays frame generation tasks on the PKD-. - {See Figure C-2. ).

To build a frame press "FETCH =" on the PKD, enter frame num-
ber from the numeric keyboard. If it is a new frame, a frame not
programmed, the message ''function not programmed" i‘s displayed
on the PKD. | |

Press "FRAME =" on PKD. Enter frame number from numeric

keyboard.

The frame data are divided into five programmable sections: dis-

- --play, ~command pointers,. function pointers, scratch, and program

H.

(see Figure C-1), To program the display table, press 'DISPLAY"
on the PKD. To enter data for odd-numbered lines, press the left-

most sector Df. the line, To enter data for even-numbered lines,
press the right-most sector of the line, After pressing the sector,
the teletype is enabled for data entry. Enter characters from tele-
type. When the entry is complete, press (CR) on teletype. The text
will be displayed on the PKD as well as being entered in the'display
table. To enter text for lines 9 and 10, press "PROCEED." The
PKD display is cleared. Line 9 will be progran‘imed on line 1 of the
PKD and line 10 will be programmed on line 2 of the PKD. When
lines 9 and 10 are complete, press "PROCEED'" to return to task

selection.

To program the command pointer table, press ' COMMAND'" on the
PKD. Contents of the table are displayed on the PKD. To enter a
number into a pointer location, press the "DATA'" function key
which enables the numeric keyboard. Enter a number. The number
is entered into a command pointer location by pressing the sector

on the PKD which corresponds to the pointer location. To program
command pointers 17 through 20, press "PROCEED." The PKD
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Figure C-2,. FGEN Task Disptay

display will be cleared. Sectors 1 through 4 on the PKD correspond

to command pointer locations 17 through 20, When data entry is

complete, press "PROCEED'" to return to task selection.

L To program function pointers, press "FUNCTION'" on the PKD.

Function pointers | through 10 are displayed on the PKID), Press

the "DATA" function key to enable the numeric keyboard. Enter

number from numeric keyboard. To enter a number into a function

pointer location, press the sector on the PKD which corresponds
to that location, Press "'PROCEED" to return the task selection.
J. To program the scratch table, press ""SCRATCH" on the PKD dis-

play. Scratch locations 1 through 16 are displayed on the PKD.

Press the "DATA' function key to enable the numeric keyboard.

Enter the number from the numeric keyboard.

PKD sectors 1

through 16 correspond to scratch locations 1 through 16. Press

the desired sector to enter the number into the scratch table.

Press '"PROCEED'" to return to task selection.
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K. To enter data into the program table, press ”PRO_GRAM" on the
PKD display. Program locations 1 through 16 will be displayed on
the PKD. Press the ""DATA'" function key to enable the numeric

- keyboard. Enter three numbers. from the numeric-keyboard, The -
numbers correspond to the three parts of the PKD program instruc-
tion word; INSTR, TIARGI], and IARG2. To enter the numbers into
the program table, press the sector on the PKD which corresponds
to the desired program table location, Press "PROCEED" to return
to task selections.

L. To write a new or edited PKD frame, press ""FILE'" on the PKD
display.

M. To obtain a hard copy of the current frame in the core, press
"PRINT'" on the PKD display. To obtain a hard copy of all the
PKD {rames, press ' PRINT ALL" on the PKD display.

N. To edit an existing frame, perform steps A through K with the

exception of step F.

C. 2,2 The PKD Application Executive (KOPE)

The operation of the PKD executive is indicated in Figure C-3. Upon program
initiatiori, PKD frame 1 is read into the core. The instruction contained _in
program table location 1 is executed. Successive program instructions,
shown in Table C-1, are executed until an instruction with an operation

code of 16 ig encountered. Control is then passed to the PKD input handler,
PKIN, which polls the PKD until a valid input is received.

Valid data are tested to determine which of the PKD switches generated the

- interrupt. The switch generating the interrupt points to its respective table
and the number returned from PKIN points to a location in the table. If the
contents of the table location are negative, its absolute value points to a
program table location which contains the next PKD instruction to be exec-
uted. Execution of PKD instruction 16 will return control to PKIN. If the
contents of the calling function's location are greater then zero, the frame
corresponding to the number contained in the table location is mowved into the
core. The instruction contained in program location 1 is executed. If the
contents of the instruction executed are 000, control returns to PKIN;

' otherwise, the neéxt instruction is executed.
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Figure C-3 (Page 2 of 2). PKD Executive Flow Chart
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Table C-1

EXECUTION CONTROL PROGRAM OPERATIONS

Program Array (314)

Operator P(N, 1}=CODE P(N, 2)=ARG] P{N, 3)=ARG2 Description

DISPLAY 0 N - Qutput display, wait for PKD
input if N=0; else, continue
to next program eclement

REPLACE LINE 1 N1 N2 Linc{N2Z2)=Line(N1)

REPLACE SECTOR 2 N1 N2 Sector{N2)=Sector{IN]1)
Command{N2)~Comrmand({N1)

REPLACE COMMAND 3 N1 I I-Command(N1)

REPLACE FUNCTICN 4 N1 I I-Function(N1}

KRETBOARD INFUT 5 {Ruw} {Culurnn) Cursor moved to lndicated
row and column. Number
input+SCR( 1)

ADD & N1 N2 SCR{(N2)+SCR(N1)}~=CR(N2)

SUBTRACT 7 N1 N1 SCR(NZ2)-SCRI(NI}MSCR(N2)

MULTIPLY 8 N1 N1 SCR(N2}=SCR(N1»&CRIN2)

DIVIDE 9 Nl N1 SCR{N2}/SCRIN1»SCR(N2)

MOVE 10 M1 N2 SCRINZ2)+-SCR(NI)

DISPI.AY REAIL 11 (Row) {Column) (SCRI(1)) displayed a{ indi-
cated row and colurmn

FRAME 12 N1 N2 Get Display N1, if aot in
file skip instruction, If
N2#0, save currenl display
number as N2

CODE 13 ARGI1 ARGZ2 Link to application programs
arguments as required

GO TGO 14 N1 - Execute instruction at
Location N1

GENERATE REAL 15 (Row) {Column} (SCR{1)) moved to display at
indicated row and <¢olumn

END 16 - -

*SCR=S8cratch (F10.3)
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A negative IARGI1 or IARGZ contained in a PKD instruction results in the
argument being replaced by SCR(IARG1 or IARGZ) at execution.

The first three locations of the scratch table are utilized by the executive.

SCR(1) contains the floating point number from the last KYBIN call. SCR{2)

contains the current PKD frame ino core. SCR(3) contains the number of the

last sector called.

Program table location 1 is reserved for the instruction executed after

reading a new frame into the core.
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Appeﬁdix D
EXPERIMENT SCENARIO

The following section provides a capé‘ule explanation of the relationship
between the frames when.they are grouped into activity phases. Section D. 2
contains all of the PKD display frames defined during the analysis of the

control functions required by the Crop Resource Experiment, S192.

D.1 EXPLANATORY NOTES
Starting with the top-level crop resources experiment control frame (104),

block diagrams illustrating the sequence of displays for each experiment

_ to the second-level block titles of Figure D-1, Whenever an activity is com-
plated or terfninated, the program returns to Frame 104 to permit selection
of the next task. Frames in Section D, 2 prior to 104 are included as typilcal
displays required to select Experiment S192,
The following sections discuss the experimenter's role in the performance h

of each activity outlined in Figures D-2 through D-8.

D. 1.1 Experiment Planning (Figure D-2)

105 - Planning

Select planning interest

- 106 - Status
C For a given experiment number, a CRT display of overall

status is called up for review or analysis
108 - Schedule

For a given experiment number, a CRT display of the current

schedule is called up for review or analysis
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CR1g-ll

104
SELECT
EXPERIMENT
PHASE
105 n 125 141 146 151 180
EXPERIMENT POWER BEGIN RUN DATA
PLANNING s %'?FEAF‘;‘TTJE;"S EXPERIMENT TERMINATE AMALYSIS CHECKOUT

Figure D-1, Sequence of Displays




CRISI!
PLANNING
SELECT PLANNING
INTEREST-
106 - l 108 11 |
STATUS SELECT :gr:g$:§PEH|MENT. UPDATE
EXPERIMENT: CRT o OISPLAY OF SELECT EXPERIMENT
D PROCEE
ISPLAY OF STATUS SOHEDULE AND PROCEED
112 | 113
CURRENT PLANS QUR“ﬁ:LP;i?P
COMPLETE EXPERIMENT; :"ch?'“ o :ﬁ XPERI-
EXAMPLE - ABORT, CON- ENT. PLE -
TINGENCY. OR RETURN ABORT, CONTINGENCY,
’ PLAN, OR RETURN
T

L

181 114
CONTINGENCY
. o } R . TYPICAL PLANNED
CHECKOUT ) F——‘-—_ “CONTINGENCY < - 4 =~
OPTIONAL EXIT TO
CHECKOUT
Figure D-2. Experiment Planning
CR1-11
121 122 123 124
POWER UP CHECKLIST SETUP SUMMARY o
T
|
|
{104} |
EXPERIMENT
CONTROL

Figure D-3. Power Up
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CR19-1}

1256 126 127 128

CH SELECT

BEGIN OPERATIONS CHECKLIST SETUP

¥
{
1
(141) )

RUN EXPERIMENT

Figure D-4, Begin Operations

CR19-11
M4

RLUN EXPERIMENT

142 l 143 l

AUTOMATIC
SEQUENCE | MANUAL SEQUENCE

| |
L]
{146) *

TERMINATE

Figure D-5. Run Experiment
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Figure D-6. Terminate

CR19-11
146

TERMINATE

147

SET SWITCHES

7
. 4

EXPERIMENT
weemmeo e .. .| .. CONTROL

W

111

112

113

114

Update

Indicate the experiment which is to be updated

Updated Current Plan
Typical presentation for completely planned experiment.
Contingency planning or aborting the experiment can occur

at this point.

Current Plan

'Example of incomplete plans. Operator completes planning

by selecting channels or invokes planned contingencies or

aborts,

Contingency

Those contingencies which can be anticipated and circumvented
by preplanned sclutions are presented for selection. If backup
equipment is to be brought on-line, the checkout phase can be

entered from this level,
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98

181

DATA ANALYSIS
INPUT GROUND TRUTH
TRAIN CLASSIFIER,
OPTIMIZE MSS
CHANNEL USAGE

152 |

TRUTH SITE
INPUT EXISTING
GROUND TRUTH DATA

153

FINE ADJUST

RECTIFY OBSERVED DATA
TO TRUTH SITE VIEW
LANDMARKS INPUT

154

CORRELATICN
START COMPUTER RUN
{COMMIT RESOURCES}

161

TRAINING

COMMIT TO COMPUTER
RUN-ANALYZE
OBSERVED DATA

162

RUN MODE
INITIAL RUN,
RE-OPTIMIZE OR
CONCENTRATE
OPTIMIZATION

171

|
OPTIMIZE
CLASSIFIER RESULTS
ACCEPTOR
RE-OPTIMIZE

&

CROP ANALYSIS

INITIAL OR RE-QPTIMIZE
CROP ID RUN — ENTER
NO. OF CHANNELS TO
TRAIN DISCRIMINATOR

RESULTS

RUN COMPLETED
RETURN TQ 151 FOR
NEXT ACTION —
TRAINING

Figure D-7. Data Analysis

INITIALIZE
DISCRIMINANT TRAINER
FOR SELECTED

170

CHANNELS

TRAINING RESULTS
REJECT RESULT AND
RETRAIN OR
CONTINUE WITH
NEXT CROP

263

¥

CROP ANALYSLS
(WHEAT)
REF. 163

272

!

TRAINING
RESULTS
{WHEAT)
REF. 170

CR18-U




CR19-11
114
CONTINGENCY
CHECKOUT
REQUIRED

81 ’ 182 - 183

INSTRUCTION START — ;’é‘;g&s

1
i

180

CHECKOUT

[
188 199 184-186 W

LT CONTINUATION
EAUECTION REPLACE OF
ET VERIFICATION

.
T
CONTINUATION

OF
VERIFICATION

187

OPERATIONS
COMPLETE

Figure D-8, Checkout

D.1,2 Power Up (Figure D-3})

121 - Power Up
Lists equipment used in the experiment and indicates overall
status. The experimenter proceeds to make a checklist of the

operations.

122 - Checklist
Experiment-related switch settings are presented for review,
If checklist is acceptable, next display is 124, If switch set-

tings are to be changed, Frame 123 is called.
123 - Setup

Operator sends commands or indicates manual switch settings

by pressing the appropriate display switch,
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124 -

Summary
Display of final instructions to the operator. Current timeline
data is included to guide the operator in selecting a subsequent

activity., Returns to Frame 104 in normal sequence.

D. 1.3 Begin Operations (Figure D-4)

125 -

126 -

—
[a¥]
-]

128 -

Begin Operation
Equipmenf list and timeline data are displaved along with pre-

operation preparation status.

Checklist

Similar to Frame 122, except timeline data are included.

Setup

Same as 123.

Channel Selection
Operator performs final equipment setup prior to running

exXperiment.

D, 1.4 Run Experiment (Figure D-5}

141 -

142 -

143 -

Run Control
Select between automatic and manual sequence at operator's
discretion. Starting and current times are displayed., Opera-

tor may override an automatic inhibit condition when present.

Automatic Sequence
Timeline data and manual switchover provided. Quick-look

data can be requested for display.
Manué.l Sequence

Similar to 142 except switchover from manual to automatic

is not allowed.
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D. 1,5 Terminate (Figure D-6)

146

Terminate

This display is automatically.called at the end of the automatic

or manual sequence. The option is to accept the current switch
settings, in which case return is to Frame 104 or to set

switches in Frame 147 before return.

D. 1.6 Data Analysis (Fié;ure D-7)

151 - Data Analysis

152

Select from Input Ground Truth, Train, or Optimize.
(Note: Train will not be accepted until Ground Truth Site
data have been input ~ Frame 162 is displayed. Optimize

.will not be accepted until the classifier has been trained -

Frame 172 is displayed.)

Truth Site

An accurate description of the ground truth site is used to
train the classifier. These data are input from tape at this
time to be compared to the multispectral scanner data
acquired during the mission, An initial evaluation of the
scanner channels is perforrhed by comparing the known
truth site crops and their location to the acquired data by
pattern recognition techniques. The result is initial crop
identification by multispectral scanner channel output. The
comparative channel data are used in the training phase to
select the best channels for crop identification (see
Frame 163),

The commands for positioning the tape are displayed in
Frame 152, Visual observation on a CRT would accompany
the PKD display.
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153 - Fine Adjust
A photograph of the truth site is used to locate the position of
landmarks. The CRT light pen is then used to input the coordi-

nates of each landmark,

154 - Correlation
Review time and computer resources required to run correla-

tion program before starting computer run.

155 - Results

Tutorial frame - no action required.

161 - Training

Commit to computer run which will train classifier by analyzing

T e R e P at L s

162 - Run Computer
During training, initial run must be selected. Re-optimize is
the proper command when in optimize mode or for relraining.

For this demonstration, the separability level is fixed.

163 - Result (Most Identifiable Crop - Soil)
Results of the computer run are presented. The scanner
channels are ranked according to their accuracy in identifying
the crop ""soil" using the pattern recognition technique of
comparing channel output during truth site flyover to the
known layout of the truth site, as defined by the taped data
input in Frame 152. The operator inputs the lowest number
of channels which can identify the crop within the accuracy

required by the experiment.

165 - Initialize (2 channels - Soil)
Initialization of discriminator when two channels are used,
Accompanies CR'T display of data points between the two
channels, The straight line defined by the two points input

is the starting point for the discriminator. By allowing the

920



experimenter to define an initial line of separation between
soil data and other crops, the computer run time is reduced
to an acceptable amount. Without the experimenter's input,
the discriminator could try ah €nhormious number of random.. .

lines before converging on the optimum line,

170 - Training Results {1 channel - Soil}
Experimenter accepts or rejects percent of false classification
from results of training the classifier discriminant for the

selected number of channels,

270 - Training Results (2 channels - Soil)
Typical results - similar to Frame 170, except result is for

two channels.

263 - Results {Second Most Identifiable Crop - Wheat)}

Same as 173 except crop is wheat.

272 Training Results (1 channel - Wheat)

Same as 170 except crop is wheat.

171 -~ Optimize
After training, experimenter can reoptimize by reentry to the
training procedure via this frame. In this mode, the reoptimize

option of Frame 162 is enabled.

. 1.7 Checkout (Figure D-8)

180 - Checkout :
Select instrument to be checked from list of ekpqriment-

related equipment.
181 -~ Multispectral Scanner

Computer playback of input for operator's review. Entry is

from either 180 or from Contingency Planning (114),
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182 - Check
Operator initiates check mode if timeline indicates sufficient

time is available.

183 through 186 - Verify Results

Operator verifies results of checkout procedure data.

187 - Operation Complete
Typical successful checkout. Timeline is repeated to allow
operator to select next activity. PROCEED will return to
Frame 104.

188 - Fault Detected
Typical failure display. Checkout can be continued on another
instrument {do next checkout), replanning can be entered (replan

experiments), or a replacement part can be installed,

189 - Replace
Typical checklist of a part replacement procedure. Operator
indicates performance of each step to computer. PROCEED

completes checkout.
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D.2 SUMMARY OF THE DISPLAYS FOR THE EXPERIMENT CONTROL

SCENARIO

~ D.2.1 .Introductory Frames - 2 through 104
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D.2.2 Plans and Update Frames - 105 through 114 -

- PED APPLICATION DEFINTITION
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© PXD APPLICATION DEFINITION

Frame number (XI5} _ 108

FEEEEER

FIolnL [D’E| 'A

elz[nl Islcls

bRl

'EENEE Al'riul s lrofﬂ! lch

Ti lxf=ly] lzls

mmiu?

FEEEEEEEE

Tl ol T[]

TTTIITD

' ITHFE'E[ SI | 2

| rl=lclalulr]

olvielalals fz]

le IU [a IR IE I lrﬂ_

Hliru

HEEEEE

RN

slelale o u_ |3 |

NEEEEE

Illllll

(T T 1TT

.
[T TT]

T Tl

slulel {piclala

k| __I'I‘I G, 'P_]H lE

sls] bl T

EEEREE

N EENE

[T IT T 71T

TELRETT T

REEEEE

NHEEREEN

alelafrln [ [ |

[T 11T

S PEEEREN
EEETEAED]
T

|ENEREEN

PFD AVPPLICATION DEFINITION

Frans number {I5) 11)

B

| 5) ¥] Txlnl

LT Tel 11

x| P

[T 1111

.ol .VI |} o} ISIT.

sfrizl lulpin]a

e[ 1111

NN

IO

[ L] 111

T L2

H L1 ]

=

T

[TI LT

(TILIT T

L Ll

TTTTI1]

(LI

T

I I T T LTI

BN

HEENEE

[ T T T 1T

ENENEE

ENEEEN

[ TT i 1]

HEERRE

HERNER




Frane number (I5)

' PXD APPLICATION DEFINITION
112 :

ECEERENR

[LlTLvl TH«I HEEEE

[s[[elslels]

EEEEERE]

[ xls] Tclols

IIEITIELI )

(ol el [zlolnl

¥,
Pt

LT TT [ Telalelalsl [T T T T T T T [salslelalalels
LT T Gl T T T T T
T L LT T 0 T Jalalelel Talol ] [T T LT TT [allelelslelal
T T T T alel e o] | T T 1 T T I | elolwlas ]
LT LU LTI T LTI LTI T T [ ehlel I [
111 ||—1'| EERENEANEEEENER RN AD RN
SEEENEEEEEEE AN N
T
F;;me ber (15) .PKD APPLICATION DEa"IHITIéH | -
S (A [ [ [ 1 [ [ Jolelolals[s] [T 1| Js[elalefelz

ci Ui g & = al ol

p| L]AIN'S! ln IE Q'uiﬂain_i:i_i

_ r_o'lP [_T |z EO_THJ

d i )l IR E:

NIREEE 1M|s‘8| RN

rirlelelniafc |z

EXBEEDE

alelelsl LTV LT LTI LT

B |x |M lV'IL [ |" |

INEREEN

(T T LI L Tl T LI s

TEL bl

Ti{jyay_

e ——— '

|olx]T[ h'] f _'

IEREEEERE

T [elalals] ]

—[9 9L% ' N

Ec iP l al

AR

clojulplriejzfe] {FiO[MIP'LTT‘] | {a]sjolr]z| lJI

HERNEN

HRERREE

[T

[T

NEEENE

TIII11T

99

ERENEE

[T B



10

PXD APPLICATION DEFINITICH

Frace nuxber (15) 11k .

Telolulzlz|nle

el [ [ [ 1

Ta 4l [ dalslsclslale]

ENEEEREENE R RN
e 1 L R B
EEEDEE ]IIIITI,IijLI}_IIJIIIl-
Tifﬁ!iwﬁliwilil'iﬂwlnli'Ii{l173 
S N T

Wdanaaaﬂ¢h||' T

 TEREER |l|rr|AJIW1||_|]»1||r
ﬁdddﬂﬂﬂ.l}lﬂdlilﬂﬂﬂﬂnhl EEhlEhR]
T T[T LI TTTEREERT

100



D. 2.3 Power- Up Frames - 121 through 124

Fraze nucker (I5) __

121

F¥D APPLICATION DEFINITION

o ol wlelai-{u]e

[plplofcleiniu

a1z ] [Fiorﬁ[ | &

EDRRENNN

NEEEEBEERE

¥|7|s] !T;o] EHEDEERBEE

TR 5] [ATR[E]

TTIT T ]

T T T 111

TTIITTLILIT

I T ITIT]

LT Lo

7 r{s|plEicizin

ale] [siclalns

e L1 T

TTI 1111

TITT L

ERERERE]

AR ﬂ7| P oo s| T

Tl olslc]e]

jllﬁh[[M 

JﬁiWi?a'

[T q&w'ﬂﬂﬂaajﬁ{niﬂlﬂlﬂd
i w;_.r1uummmwluﬂﬂ1|.. AR
T LTI T T T T T T [TITT1T
e T T T T T T T T T T T T T
| R —— |

Freme number (IS) __ 120 | E
» [ el ol sl ol s ] Jelofalela[a[x[- ] T T [o[a] [T [e[s[alu]alafe]>
8 e 1 P P B P E P
s[e o TelaloTelelsl sl T T [ T LTela T T [T eI 1 T
[ A o] Telalelal T ] Telelele UL [T Telole] T
I T T Lol [ Telelalalololx| [ LTI TTT [ TTTIT1]
LI T el e LTI T LTI LTI

¢ ol W = & |

T Telelv= =l ]

— |[

[TT 11T
S T T T T L T (T [ ele LTI T I T I T 1111 lTLlig,
o T T T T T T T T T I T T T
Y 1

o



PKD APPLICATION DEFINITION
Franz pumber (15} 123 :

T oo 1 [slelel (eleleleielalels] (ol el aal [ 111

O Y A
T T T T T T T el T T TGl [T LT Isle L1
CT ool LTI T T Lehal 111 Lele ilole [T Talelalalalaly
T T T LT LT T Tl Ta e T T TalsGa ]
T UL IT ] elolulslal | Tl TITT

Telle e L[ TTITTTT
ENEENEN ||ro|rr|ifi_,fl[olrfr|| HERNEEN
[ A A R Y I
EEEENEEEEEEEEEE NN RN

 PKD APPLICATION DEFINITION
Fraae cumber {I5) 1ok

T a A Tolo] Talol el alslalelalelolalalel Tole ale bl lal |
JEEEENERE K ol Jaf 2] 111 I3lef e fzlal. | Jwlals fuf-Jv e
ST LT TP T LT T T LTI T TITTT
S A B M

s P T L L Ta e aTe Telalalolele a]ol Talelalelola] el [ 11
¢ T [ dd 7 dd DT Galel T le LRI TT IS
e sscssssiieETsSELEsERREH
o T T T L el e el LI T T T

st T 1T 1] [ulu]iz]z]s|e AAE hefuisjoiafs I

W T T T T T T triel Jrlel T T [«[sf-TefsT [ ] Jefaf.jrfof I |

inlTl_!(|G|A§'L

102



g ‘EI‘El K ] R-_: E[-Q‘ Ul HEEERERE

D. 2.4 Begin Operations Frames -.125 through 128
' PKD APPLICATION DEFINITION

, A!‘ra_me punber (IS‘) 125 o . S _
AT o LoTealslalels[eTils] Ta o d T [T TTII L
o LAt

2 I'il EEE ug'rulx HlT"‘él‘_irﬂ"l E E| D] IA‘ H[ E||

o iT 'L‘E I "[L’TIIiSIP]EICLT].a}Ll | c| al n E RI
L T T T 1T T TT 1] 1 O R R B R A

sl Lol o] Talalalal Telalo] [T T T UTT [olal el Talulal
fplaa g el xbal el oleler LI LT L]

1A T s elo el [rlalelrlalzalzlilolsls] I¢

AENRERERE

o| }-P{ 1] £ 7} E|

o 8lad o ool ] [elr]=[s]s] Telrlolclelelo] T ol J3elclr[s] T

—

MERNEREREEENENEEEEENE NS Illll_l'ilj
X A A O O I T

. PKD APPLICATION DEFINITION
Franz number (15)"" 126 ‘

BEEEEEE R clolslelzfriu]l [ T T To=l | | s[n[qlu]x]ni.c .
el T T T (T [elelelelef Telf TTTT 1] shifrlrlciufels
[T s dd T | [ slofols] 1 |

[ Tadealel [ kbl [
ENrErERNREODENNEREEFERE RN N
sl el ool el el Talelel [T [T T[T TIT[TTTTITT1
e T T T
REEETOECCNLOLNE EEEEEREED |
EREEN EEERE
ST T T T T T T LT T TA A A= | Tel ool o] 1
o T T T T T T LT L T LT L s s

| ‘5[[ Z} E

Rl ol n

103

oo



7}aayﬂ|ifjiJ"tﬂLL}TYer(J"Jiiﬁﬁﬁﬁf
T T L L L T T I T LI LT EEEENERETPNE
5 1 A A
lilllllll T LTI P T T TTTTTIETT

Frame number (I5)

PKD AFPLICATION DEFINLTION

127

== P

' EEEELR)

s] gj o] Islw|ilr

clafefs] | { |

EENNEES

[T T 1 LT T (e l=islsi [ele]

O,FIEIEl?J | W & £ 5| | o of 5 £

ICEEEER

[ Tolotolal |

T Telalel=] ]

| S = g( ‘, .

[ [ddolel |

| Lplplélyl L

[T LT

EREEEEE)

T Tolololal 1|

T Telalelel ||

llilf((

HEEEENN

lclnlo[slzTni |

lNl _ |

IRENNFDE

SEEVEER

BRREEEN

T Telals =] |

T 1111

HEEEER 1 T 111 1]

[wlo].] 13] |

EER

i els

EFEREEER

[slol .1 o] |

[wlol. ] 131 1

[T T 11]

EIE

EEEER

alslslzlelnlE]lD

alsislzlejnleln

Freme numdar {I5)

PKD APPLICATION DEFINITION

128

PENEER_L -

TTTTT]

IEEEEEN]

RIEIV]I[SLEI le

i[aln|y]esls]

of &l /] =] &l &l sl

TIT T

EEEOORDRRE

[2fzfo] | |

LLTTTT

e s Talelel T L [T [T T Ul (LT TTT]
AP L
AR g A TT T LI T LI L LI T L[ Telslslsl s

PYVP*“.FLYTVPV:LFFJW!J:[PW“””f

104



D. 2.5 Run Experiment Frames - 141 through 143
' PXD APPLICATION DEFINITION

Frame nusber {I5) 142 '

B uf 5 [clolsle

#lofs} f2lo

sl

slxletei{r]zinlels

SENENES

Mc[mlzloi*{ R

s =lelalcls

olelejrfalr|zin]e

mlobiel | [

I I

- [7f3f Jafofal

A "1" -
e r

L R DR A R A A B W A B R R
T T T T L L T T T T T T
VP D R B B R B M R R T R
...Sl} |F i ncf l | L 1] ’7[ l. f 7 slelalu el lc & |
%ijLry;nmg1JJ”Q&hfukaﬂdifTr
RN YN |

R[ u’ ur l c[;raT'r

LI LLED

alrlelzln] | ]

olvlﬂiwlslz[n[:

stofal sl flofsla

alelxfolul {mri

lelole . lofs{ | |

Frame numbar {I5) '

PKD APPLICATION DEFINITION

242 4

nle bt lﬂrTTT _

LEEEREE

o[ Is{s[afu]eln

cle] Tin] Jc|ols

BROANNN

IEEEEENR

mofnjz[rlofr]

Eillilnl

rlelefulnln] [ T -

TAd g Tl [T T T LI [T Tolall mhhhmu}.
L Tl [T T T I T[T T T I T T (shlolslahnle ks
EFEERNERRN MR RN AANANARGARAA A
AT T T T T T T EELLGELI G T T
aﬂaﬂlLﬂTTlitltn'itLlTrl [T 1111

{_‘ﬂ :;rl 1{ 1’ 5,

TT 11111

I L R S

HEEENN

TTTTTT]

NREEEN

T 1L]

T ]

| L LU T]

HEEREN

105

[TTTITT]



PXD APPLICATION DEFINITION

Freme pumber (I5) _ ka3

W A o o[ alL] |=

x[r] Jsfzlalufs

sfcfel Jrln| je

Tl ] 1

EEECEEEEENENORANENO AN R
A Toel T LTI I T[T I I LTI
T
TR al Tl Telelelelsl { T LI TTITT T ITTTIT T

|-[ | 1| 1] s

[slafalalel -

L

EEENEEN

Tl oo Talal L L [ L[ 11 folelslelclalel [vlblelo] Io &
REEREEROANOOAEA NN

EENRRE
PR T Er EEEE LL_F

lllllll

EEEERHE

HEREEEER

[elalelsls | |

o It Ju |g l RS

| 1] 3 .] of of ol

[ HEEEEN

lsfrfofe] | |

rlsf bfas |

106



D. 2,6 Terminate Operations Frames -

Frane nunpbei- {15)

146

146 and 147 -
PKD APPLICATION DEFIAITION

TFLTTTTT

107

s P A= lels] Tole] Jofr[s] lolel £
2 (W e el o] [elelalelalalal | T Jolal [T [ T T T T[T
ST T T [T Telalalelel [T TTT T[T TR
o B A Y Y A R N NN
s P e s el T T LT LT LI T LI TI I ITITIIT
o TS T T T T LT LT LTI
1T o @ els [T T IFlolsle [ [ [T ITT T TTTTTTT]
0 2 T S A M B R R
L
IR NN NN NN SN RN
o B
WA d Ao o ] {slele] [slulslrlclulafs] lefaleis] jeleleisis |
2 T T T L T ealoleleleal (T T I T[T TT11]
s | Telalele[sl [ [ b[sGlbl [TTTT T 1]
T A T T Talellel [T T ol s T T [ [ TTT L
s T T e ol e T[T Telelsle [ 1] [T ITTTITITITITL
s T ool o[ [T To[e[ela] T{ [ [ [ [ LTI T T TTTT:
fﬁiﬂdﬁmm'Luwwwwielil?TLTY{{nffF
) 3 L T T
O N O L A T
ijlfwirt T T T T T I T



D. 2,7 Data Analysis Frames - 151 through 272
PKD APPLICATION CEFINITION

Fraze number (15) _yg1 . S |
ith el s o Jalete i Js 1 Telafelelale] Tl LT 1111111}
T T-T‘T;l a' r [T L‘f TIT I LI T i TIril
T T T L T I T T T T T T

INNENR NN ANEE N ..
oL el [ Wl ] | ] Te[alalal [ [ EDTsDo]s]
N RIRE [alelal 1| [ Lo lo ok TT 1 T [/[eTalelel Jo[slo] Te[zv]s.
LTI T [kl [o[slsinzlels] [ollslolsfsls
L I
T I T T T T T T T I T T T T

0 T T T T I T I A T T T I I I T I T I T I I I [T T T 1117

PXD APPLICATION DEFINITION

Frams oumber {(I5) _ 152 , .
lnﬂﬂﬂaﬂ=[ohuuuw\nnhhh|uhha1!|hwﬁTj
JOEEEBNE a'Lmyugﬁsyuﬁﬂuh{sjlhmu [
s feTeeny Lvtu'wtsiﬁlflAJQJ‘Jéu To[w] Tel[a[ [#[o] [wltls]c]w
A [ETE(E[E8] Tel uunuﬁ_1=yLrﬁyyy¢hbguuu}'

sToTa e[ [ [ e[ 1 [ FEFEREEL L1111
LI LIII T UL I LI I TITLLIT I

[T Telelelsl T [ 11 IL{OIWfL]A“d(tf ERNRRNRONOREN

NECEERERRNEEEEERN IRRNRECIE

ST T I I 111 T TTTI1 T{1|lilltllii”
0 [T T T T I T T T LI L L L L T

108



. - PED APPLICATICY DEFINITION
- Frane number (I5) 153 '

T T FERET T T T el
”Qﬂﬁﬁﬁﬁ“f””“FF”H?Mﬂﬂlﬂﬁsl%ﬁfﬂ’
s (e aleln] Julsle] Jelclolajr| [pleinl Jrfo] I« elviz{u] [n|alnin
A RA[sl Tl Gl PR ERL T
Telelalal Telelel T 1T [ 1] Jpinl kel FhpEEERl ] ]
el T Ll T I T T LT[l Fh bR bEl T T

T T T T T T T T Gl [ 11 el I 1 ERbbl [T
A 3 XA O N N

[T [T FEEFRFE fFFFEEFI FEFFFbEL]

' PKD APPLICATION DEFINITION
" Frame puzber (I5) __15b '

Lo oA 27 Telelalaleelnjs i i el sz e L R L
2ol 5 5|_|[ ol AIT" [ [ Tefolule[.T rlifule] izie o =_ll Isiufzin] | ; .
T T LU LT LTI I T I T et k[ sl [ T
S S ST eTeeee e PR T L [T T 1T
STRIAT Telalel [ Tolelalelal T[T s bl [T T Tololslsl (-
SEErEDREONONRN ARG RSSO EEE
T N RO O O O
U L U 0 I
ENEE NN EEE NN NN RN
ENEENEEEEENEEE RN

109

5 O 1 S 2 O A B R A N B S M R =



PKD APPLICATION DEFINITION

155

Fraze number (I5) .

ERENNARNARENS AR EEEN AR RERE
I 1 0 A
5 A A B A A A A B B U B
INENECNDOAANNANNNCOEDNRGDAAEEE

RERERE

[T TIIT] (TIT I TIT T I 1T
I S W
0 B A

L L I T T T L O T T T T T T
0 O
EEENERENEN RN NN RN
-

Tolalalz s i [

cf o) | plu]l 2l EfR

ol Jofel Jeju]a

slsjzlrlt]elr] |

7l ol Rl Islelulelclel.] Jelelsle

s| Tols] [uls]

slelalninlelr]

s

CENEEDE

[L[o] =17 v ] ]

| cfofnlel |-]

S 1 11

[TTT [T

INNENEN

LT

[ I_l I_l i_wl__'

e[zl el ols[:] [slelelslels] bl liblal [T TTT T[]
I B
T T T I T [ Talslal T bbolikl el ITTITIT
T T L i e e L LTI
0
[T T T T I I T T I T T TIITITT]

110



Frame number (1_5)

A At ek b bl el e el AP lak Lal) e

162

ket 1 F

alcrlzlolx] ]

sfejr] [clolulr

ul=lz[e] [efuls

ARERENR

[ [T TT]

T IT T T

Frll AMPLICATIUN Use ol LEPEUN

. Frame number (IS) 163

[alalelelale] | [ Telaloln] | |e[elefalalalzla]alslels]a]e] |
T Telolx T T [ T T T 1 (1T [alelv[s[e] [o] [T [ [xlc] Is!
TaGL L [T T T T T LT LTI T I ITIT
oTeTa e[l lele | T T T J I T T I I T I I T[T T T
cTolalelalel. 1 | T s TaJo bl [ [slalslalslals[as Tz [s Tzl T
oL T T L Ll el E el s
o T Talole[ T T [eTe e T [elal T [alalolalalalea[s GG T 1]
Tl e | T T T T T T el lelel [ ST 1111

u of [1f {ufo]s

NIREBEEIEE

rlrfafsfufe] |c

r[o[ ] [a[s]:]

T 1]

s{olz1l

o] J(TsTy]

[T T T TT1

T TTTT

ﬁ[ﬁfsiﬁl IoIBIQ

|clefaln]nle|L

1 1

s| lafr]

[TITTL1

[

# A%Q >|1F1T>.

tlolalb ol

>[6]>{51> [v | 2] 3

JEEF DN

e A i Y

AREEEER

TT LI

TTTIT]

[TITTT1

ENDGEE

an

lsfeluls| |oo

l

d_d_ﬂ 1} o] nf :]

T RAT S

T T T Jelalalele b e falal LTI LTI T 1T
A e e e iR E LT
T I T T I T T T I T T I T T T r
T T T T T T T I T I I T T ITTT T T

m



FPAD AVPLICATION UErINETION

Freme pucber (I5) 165

&TCII'IIO[HL:[

pludrle s fa i ke

z & | {pl1ls|cln

rlux |1. ady |5 ] T,

|A |R |5| Ie lw lo

T E

rlaltlnle | [D'Fl lelrlef. | |

ToTs Tz [sT Jo

T EELTEE

BT [s[slelaliis]

ENCY

slofrfel TefsD [

L1 sl

?EWEEWHHfUHﬂ>

HHMHQJHEQWWIJWi{Tlliiichhﬁﬁuuhé
lsT ol L T T T T LTI T LTI T el [olalsl i
??TJ?ES"E??”JAZ{JAGT}“%J“LT”{WJrf'“{}luI;EEﬁ*
Sl e s El ool Tl T T Ul el T L LI
[T T T LT IRl [ GLEERI T I T I T
RN DEGD) IIthlilMlﬂMﬂﬂﬁ
rase nusber (15) __ 168 m”mwm“mﬁ“
Ahhhhu[l:HhhhhhhzhlhhhkhrhhhmMﬂ

0

olrl Tolalel. |

R EETFWE

B, EPTA EIRTL

}"[ | 1| ‘nl¢

I

uyy[rgpﬁ

afplrjnfe [ ]

H H| E] NEREE Pl I llf(WI 1) \rl I rHV{_D ElE ',( B L
TTada T T T I T T T T I T I I FEERFrEs
T A L

TEEEDRREE

[elolzlnle| |

Flollalel ]

[ Jlelefelni=l

g FEFEEE

'Hlol-l |1[ I

SN

¥lo

ST
g

HEERNE

Lx]af=]2]8f7]

GLEEELR]

clafalalv]efu |s

HEENEN

Fy[a]=Jufaja]

lvlaf={ofo (3]

11| ivia[élllz

112



P{D APPLICATION DEFINITION

Frame puxber (15} 168

HENEEES

IIHIHILlTI_II HREREN
I T A T O
B ETM!AIIM-LIL} el lclajolels | :n|ol'r| | lR[‘ | & RIAlMIMIE;H)| |

T JFTOQI R‘_I.

TEGTREE

o |x ls v s E_trlro ‘i‘: |

EERE

-P'R'EISISJVIP_LR

oTelz[z[p] Lo

lclo{n[wlrlmlu

] [als] [alrl

'rl‘] lclzlals

sliirfrlela] |

Al ] lBl Elein]

srale s

21D |

TIII T T

thajfs"yghhrulirnuru&L

NERENNNEN NN
T T I T T T T I T T T T I I TLITT
I[TTIII (T T I I I T I T T T[T T T 1T 1]
Frame nwsber (I5) ___ 170 CoeTm e : _ ‘
lelslilelals gyjlﬂﬂAlLJLDIIuaAuut[nxnhijﬂoﬁj

Telalal T T

clulalvlnleluls

Tola T T T 1T

[T LIITT

:&_—[CI-T_!_Ilolﬂlzf

c lu lE]c x| [ |e

R EEL I

aleleirio|vie]

(TTTTTT]

EEREEE

LTI

[T

bemm L e R

_SI [t‘lB'S[_I E

alulsJe o le IJc

1] A.rS[F;[ tle 11-[3 A

T -] Llelzl

(T T T T T 1]

Ll

e

|
1| _I I

TTTI T

Talelole sl 1]

[TiTT] &nuuwﬁ ,
L T T T T LG e e L L F i il
(I T T T T T T T T T T,
T O I T A

113



(LTI T

Freme number (I5) 1731

© PKD APPLICATION DEFINITION

EERFEE]

ol il alslslzjr]s

elr] Telelr{r]o

LB Rl L

4##14#ﬂ“

II"| E|L|Sl

WWW‘JJ"VT’

SEEEnE.

FEREEENT

Tl =T 5]

BORREN

[TIITTT
|

ENEEENE

[TTT1T]

_JlllTJJ

Lot n

1T 1T

TIITIIT

[T T I 1L

Adddosil]

81 el ulelcle] |o

pl Jrlofa] | |

TITI11]

el el sz [zl

l
ol mn,;44li7ll
| IAICfch:I I=] f

[T T 11

ENAEEEN

c_| H A' Niﬂ E{L]s AR

ENEEEEE

HEEERE

TITTTTT]

(TTIIT]

(TITTTT17]

EENERNE

TIIT 1T

ENEEENN

Frama nusber (I5)

FKD APPLICATION DEFIIITION

172

FEEERERE

EIEBREBERIE

o] Jolrlsals]s

k] N REEE

c| Hl Al ® § g L|

| o .| LT!II

BT Fele [

|C|H‘Iclloil..'-

SRR RN

TTITILL

5 PPIRIOLC'E-IE

s

[ | |Pf Rlis

o lrlol lnisle

(TT]

TITITI]

[T T I1]

| = =

[TT 1171

T T T 11T

L

e

Ll

T ITTTT]

[ TTTLL]

NENEERE

RENEEN

NN

HEREEN

[T T T 17T

HNEEEE

T IT]

JREENEE

HIIFII_'

R

114



PXD APPLICATION DEFINITION

Frame number {15} 113

115

ddd A dd s Tolelelelulzlelaleleloln] Iolr]s [alslulelnl I
I I Y Y Y P Y P P
T I T I I LI T [ IT I T I I T T III T TITIITI
[T T T sl el < Lol ol elaTelo] Telol Talslefolalal 1T
T LTI I T I I ITITITT[TTTITTL,
L
I R N N
ST T LTI T I T L T T T
T O T T (T T
L e
14 [ W olsf e [slole[nlzlz]rlzlalalc]s] [ [ o[¥] [I[s[ |
ERANENRRFEENG RN ADE NSO
a7 (das TsOnEeEl GO T TITIIIT
EEEEEEEEEEELBODNBURNDUNE L EE NN
T T LT LI T LT T (T TITTITT T
T (o [T TR AT
I T Tenll e Ll LI T T I T T TIT
NEESENANEEE NSRS
0 A
NENEENEENENEENS NSNS AR



’ .

PKD AFFLICATION DEFINITION -

270

Frane nuzber (IS) .

FEER oL

ERELLEE LML LU L RO HOE

HEEEN] LT 1 ol 7] Al o] "IEILI | [ofa[ Tafe] | | [,“ [N
ST LT T d L [ alalelel Tsle[elolalsls] 1 PR
JENEEEENE IflllilHTlele wy|¢[[¢
6l{!]llllJJJTLIJ‘Jj}J}}}“Jlif{[i
T IT T I T I LT L L LI T I Talelelale sl | [ Islslilele s
ST I T T T VLTI T L L L L le] telalalslel 12l jelslulslel
5 A A
ﬁllljlii (T T LT T T I I T T T T T T 1]

e S ———

. HHHHHD[rlhhllbﬂvlwﬁhhhﬁrhthHFF
A Ao [Tw[a)] fetelajulnjelefs] | Jodo] |1 [ L1111
s o el a[ Lol Tele[s e [e s /] plr p R L
T T T T T T T T T T T T
ST T8 L [ aleslalas] [e[ela s e o] 1 BIEL T
ST T I T LT T L LTI T T LI LTI T T
v{nTTIL(”L}{Tf!{“iwﬁw#ﬁf“rgﬁp@@p
T T L L I L L L L s E A F R T
2 I A N A O
P LT NN

116



D. 2,8 Checkout Frames - 180 through 189"
FYD APPLICATION DEFIRETICH

Freze nasher {I5) __ -ap , _ -
: lal ol o 1l of 5l :] gsl sfefelclz] Jrinlslefefonjelniel o jo i Bl |
SNENENN HCIEIEM!KIEI IO!ZT!-II‘J L{il!

R AL
—

Y o B W R R
T T T T T T T T LT T T T T

Tl

s“TT????“Tﬂffrrrﬁ'[iﬁﬁur"mpwﬁnra
g B 1 3 9 O Y GO AR 43 8 N N NN
rmﬁﬁﬁﬁﬁﬁ&“rTjiYTrwfﬁﬁlﬂﬂ’f'ffifof
IV 7 ;thaq T A A O A
ST T LT T T I T T T T I T T T TT]
lifllll NSNS

FKD APPLICATICN DEFINITION
. Feam2 number (IS) 181

VT dddd ol Telalolelslnfulalel Telxlelelal TT [ T {1
24l d od o o ol s wlolsl [nlol ’lla el lelalelcfelelnf {afxlef- ] |

FLTT I TIII T TITTITI I IITTIT
ML TT T ol sfalafsielelelelalalc] Jsfelalrinjsla] | 111 ',,
ST T I T T T LTI T T I ITITIrT

EEENEEEENEE NN E

LT LTI T LTI I T (T T [[TTTTT
IFCEEERFNEREDERENCAHEDNA0NC ORI
S TT T I T T T T I T T T T T I I 11111
0

117




PKD APPLYCATION DEFIBITION
Frame pumber {I5) __ 182

I EREEEEER t1rjajz] Islcialsw]z]r] Jelolsiclel- o u ir j_:

NEEE onl:L clol Irl EIP NN

T T T T T LT Lelalele s LTI I LTI T I T1 1L
i 0
T T [ LTI T PGl hERI T T
EEFEENNNNEANERNEEEON NS EEREE
—
T T LD Talelslzlal Tolelsl lal=l lls), Tderd L1
ECERECENEEEENN RN R
e T T T T T T I I T T T T LI [T ITTL]

) PO APPLICATION DEFINITION
Franme nunber (IS} ___183

1ddﬂ T e A elal [slalililolalzilols] EERb L]
O O N R Y W N EN Y N

ilqaqag:Aﬂrqaagananq¢JA“qnnnaqm,
i T| __ l I AI _ Is!orul j ! H ,, __ l lzI (T J_T-I l Iz |>
liﬂﬂﬂFﬁAMlﬁd}ﬂﬂéjjmJ fyy;ytLruun

e
T T T L T LT T
T T L L T L LTI T T I T T ITT
T T T T L O I T T I T TTIT]

t18



PKD APPLICATION DEFLITTION

Frane nuzber (I5) 184

b |;:lﬂn |1 [ lg |

v A ddaq |oalclal iclalels sisfa(TlI|5T5|

I P I A Y Y Y
T [ Tdddl [volelelalels] 'Tﬂl [ 3] (ool 2t |
[ [ Tdddal v OialT‘flcl_T‘u [v=] T { izl tclafol-laloiz s
T 1A d o daalelsl [ Tv=T [ [ 7] uﬁﬂiﬂﬂﬁﬂ
[T A d e ¥ el elaolsl | =] T T A (o[- ED

td 343

v 0| L|‘T!A‘ ¢l £l

:"HiMLlu:”

(|3|6| |9i9| l)‘

NREKCE

vl of L] TI alclE]

Pvi<] ['TIISI (13]el-Tofofz D)
! ALELRLRE]

119

A 2 A
yIEEEEN IILlllI'lil!!_[%-lL}th[?
Frape number (I5} 185 i prRE QEFIHITIOES ..

s [ Lol rLe] L[ Alelal Telalelsfs [alalx ]z [o [ 1 | ®s[a[s[T[¥]0]

T T T LT LTI T T PIEL LI | [eere] [o[¥
3T el (Wt Ao ol | V=L T L EL (LT -lorra
T T TA e o [volele[ale e | J7[=T T | ] [C[S[e[-I3[5[#
s T T Talelalol Tololelelalelsl | -1 [T BT le-Islolel
STl ol e e (| T T L] [ eTohrel
T T a el ol Tolelelelalels L | vI=] T 1 L LIl -toTe )
o[ T T L] INEEAERNOE NN AN EE B EEE
5 T
(LTI 1 A I



- PKD APPLICATION DEFIBITION

Frone nusber (I5) _ 186

IEEEEERE

Tela] Telrlel

I

nlnfafefzrfofn]

R {E [a [ {1 [n

IRENEEEN

NN

ENDEENE]

__ lo _IT l “ I‘|*< _

HEEEREE

1 {vjolefzal

G

T =11 [ EL

([sle]-Jolsls |>

Jaddys

o [efolelzTs]

G

(|3 lsl |9 laTs I) f.

T T Ao Tslo]

oTalelal T=1e]

H

Tl L1 L

A SAED

EEEENDD

ofzlcla] [z]z]u

e

0 9 o |- 19_ lh‘T» I}_ :

120

ST T T T T T T T T T Lol
'1°/||JIIII I A I A
e g

AT A A g A T oo oo eleleslelo] [slolc FEEFBELE
e (T T T T a o g Tal v e s elala3] [2[o] 5] rr»- T[] 1 1]

s T T T T T Ts[slalalelel Dolsfelel lelelslsl 1T T 1T T
NN NN EECENE DRG] MBI[ L T
sPT T T T LT Tl el [ L DLl L L T T T T T
¢TI 1T PIH!AISIET[ T lllxaolvr TTTT
Bm[,lrl | 8 2 of 1] lolrlsl fafel dalaldedslol 1D 1 1 1 1
I R B S Y PN Y 3 Y B
o T T T L el GO LT



Freme numbsr (I5) 18

TED APPLICATION DEFIHITION

T e o bv v ]

Frane ouzber (I5) i)

PKD APPLICATICN DEFINITION

{Aﬂgknbuimlth(l{ tfz]s] [rao

# Ao Tl T el e[l [s[ola] [elolsleliialels e[| WL F

s T T Tda L1 Oelslelalsl Pl BE [ TTT LT IT
VTT*"'F*E“W@Hﬁlﬂﬂﬂﬂﬂﬂﬂ{ﬁll"'Tf
ST dad A T T T T I T I T I T TT T T ]

6 Jc-l- EEERRRNRE l_ 2 | slouTaiclElsl s lofu B e f_ [s |
?EQAQJﬁJQ'QﬂAQJﬂiLﬂﬂ'l"[ﬁﬁﬁinlﬁﬁf'
T A el L LR L LT L
ST T I T T I T T T T T
jINSEEEENNS NN RN [T

Tddd4d [

s{of f7]of fnje

rlufafcle] Ic[AiL| sfoulrjc T

L | P[ H £ ¢ s ISivfi IlTI cfnl ]w.ﬂ

e|efr| jclo|u]r

;wwhwnrx

ELLEER

B - ICIH[ OEE

s |P|6|uiE

Ll

-! EEENN

j_]o{u[n[cﬁ:f.

Tllv[Pl H

EEENNREE

T T o o Ll elalal elalalel hEla| BLLET Lk
] | f d o dwls | {"]0["'_3!3[ !0[.ls—ﬁ:| lolalal [ Jela . 1T T

d J & d o vz

Pl irlziclufxl

pleflabpleirn e

(1111

HEEEER

-hT !Sl CI RIE]'H‘]—S

T I T L LR ETT

HEERE

HEEEEN

[T T TTT

(LT TITT

INNEREN

HEREER

HEREER

21

[T TTII



APPENDIX E
WORD RECOGNITION SYSTEM USER'S GUIDE

WORD RECOGNITION SYSTEM

USER'S GUIDE

Ly
x
=]
=
w
0.
o
<




Appendix E
WORD RECOGNITION SYSTEM USER'S GUIDE

The User's Guide is presented in an earlier work, Design and Performance
of a Large Vocabulary Discrete Word Recognition System, Volume II,
published by McDonnell Douglas Astronautics Company, Report No.

MDC G4829, Novemhber 1973,
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